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EXECUTIVE SUMMARY

This section summarizes the salient points that provide the project description, background, need, cost,
and schedule. The leading remedial alternative will be discussed, with reference to other alternatives
provided. In addition, any areas requiring further study will be summarized. This section will be
completed for subsequent submittals of this Conceptual Design Report.
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SECTION 1

PROJECT DESCRIPTION

This Conceptual Design Report (CDR) presents the conceptual design of the Fernald Environmental
Management Project (FEMP) Operable Unit 5 (OU-5) soil remediation project. This document
summarizes the conclusions and recommendations reached as a result of the conceptual design process
and provides the United States Department of Energy (DOE) the information necessary to forecast and
secure funding for the projeét. This CDR was prepared in accordance with the draft Conceptual Design
Report Preparation Guide, Revision 1, dated January 1992, as amended in the Project Order (PO) Plan
for PO-81, Revision 1, dated October 1993.

The purpose of this section is to: provide background information on soil contamination at the FEMP:;
introduce the project; provide an overview of the project’s purpose and scope; substantiate the need for
the project; and discuss the leading remedial alternative.

1.1 Background

During approximately 38 years of uranium refinery operations (1951-1989), FEMP soils received varying
levels of contamination from airborne deposition. In addition, leaks and spills from processing activities
within the former production area have resulted in soil contamination.

According to the Initial Screening of Alternatives for Operable Unit 5 (DOE 1992a), FEMP soils contain
primarily radiological contaminants. Uranium is the indicator parameter for contamination at the FEMP.
Other inorganic constituents, including radionuclides and metals, and organics are present. Currently,
no promulgated standards exist for radiological contamination levels in soil (other than radium). For the
purpose of this CDR, a preliminary remediation goal of 35 pCi/g is assumed. This action’level is not
intended to supplant the Remedial Action Objectives (RAOs) established under the United States
Environmental Protection Agency (US EPA)-issued Record of Decision (ROD) for OU-5. However, this
action level is consistent with levels proposed by the Nuclear Regulatory Commission in its branch
technical position paper, "Disposal or On-Site Storage of Residual Thorium or Uranium (Either as Natural
Ores or Without Daughters Present) from Past Operaﬁons," published in the Federal Register on October
23, 1981, and proposed 10 Code of Federal Regulations (CFR) 834.

During the remediation of each FEMP OU, large quantities of contaminated soil will be excavated.
These contaminated soils must be remediated in accordance with RAOs established under each OU’s
ROD.
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The-Initial Screening of Alternatives foi Operable Unit 5 (DOE 1992a) identified several technologies and
proé’éss options considered potentially applicable for the remediation of FEMP soils. Among the
treatment processes considered was soil washing. Soil washing is a treatment technology designed to
remove contaminants from soil by either dissolving the contaminants in wash solutions, suspending the
contaminants in wash solutions, incorporating simple particle size separation techniques, or any
combination of these. According to the Trearability Study Work Plan for Operable Unit 5 Soil Washing
(DOE 1992b), a literature review revealed that water washing with extractive agents has been successfully
used on soil contaminated with radionuclides. However, information was not found on its applications
to soils containing radionuclides, in addition to inorganics and organics, which characterizes the OU-5
soils. Therefore, a decision was made to proceed with treatability testing of the soil washing process.
Soil treatability studies are currently being conducted by the Fernald Environmental Restoration
Management Corporation (FERMCO) CERCLA/RCRA Unit 5 (CRU-5) and the DOE Intcgrated
Demonstration (ID) Program. Preliminary results from these soil treatability studies form part of the
technical basis for this CDR. ‘

OU-5 is comprised of the FEMP area environmental media including groundwater, surface water, soil
not included in the definitions of OUs 1, 2, and 4, sediments, flora and fauna. QU-5 soils include all
those soils not within the specifically identified boundaries of OUs 1, 2, and 4 (Figure 1-1). All the
production area (OU-3) soils are included in OU-5. In addition, contaminated soils outside the FEMP
boundary are the responsibility of OU-S.

1.2 Introduction

FERMCO proposes to construct a soil washing facility which will treat contaminated soil from all the
FEMP OUs. Contaminated soils will be excavated, transported to the treatment facility, treated for the
removal of contaminants, and stored temporarily until they are reused at the FEMP (e.g., for unclassified
backfill).

FERMCO CRU-5 is responsible for the overall integration of FEMP soil remediation activities. CRU-5
will excavate contaminated soils outside of OUs 1, 2, and 4, and transport them to the soil washing
facility. Other FERMCO CRUs are responsible for excavating contaminated soils from OUs 1, 2, and
4, and transporting them to and from the soil washing facility. CRU-5 will operate the soil washing
facility and stockpile treated soils prior to their reuse on site. CRU-5 will transport the dirty soil fraction
remaining after treatment and the contaminant residues from the soil washing facility to a subsequent
FEMP facility for treatment, storage, or disposal.
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Figure 1-1 - FEMP Operable Unit Boundaries
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It is assumed that soil washing wastewater will be recycled to the extent possible. However, a small
bleed wastewater stream will be transported to the Advanced Wastewater Treatment (AWWT) facility for

. tréatment. Soil washing process water makeup will be provided by the AWWT. In addition, it is

assumed that interim storage of some contaminated soils will be provided by the proposed Central
Storage Facility (CSF). However, the CSF is intended to store only those soils exceeding 100 pCi/g total
uranium, 50 pCi/g total thorium, or S pCi/g total radium, and has a limited storage capacity of
approximately 13,500 cubic yards (CY). It is assumed that additional interim storage of contaminated
soils will be provided adjacent to the soil washing facility. Figure 1-2 is a location map showing the
proposed location of the soil washing facility in relation to the AWWT facility and the CSF.

1.3 Overview and Project Scope

The following subsections describe the purpose of the OU-5 Soil Remediation project and provide a '
summary of the scope of work for the CDR.

1.3.1 Overview

The purpose of this_project is to prepare a conceptual design of the facilities and systems required to
perform the following activities:

1) Handle contaminated soils, including; the excavation of contaminated soils from OQUs 3 and S,
monitoring of excavated soils, transportation of excavated soils, stockpiling of excavated soils
prior to treatment, and transporting stockpiled soils to the treatment facility.

2) Treat contaminated soils for the removal of uranium in accordance with the RAOs established
under the OU-5 ROD.

3) Handle treated soils, including; transporting treated soils to a clean soil stockpile, stockpiling
clean soils, and transporting clean soils to a final disposition site at the FEMP.

4) Handle wastes generated during the excavation and treatment of contaminated soils, including;
unwashable soils, concentrated contaminant residues, the contaminated soil fraction remaining
after treatment, process wastewaters.

5) Provide utility system support to the soil washing system.

Current soil treatability testing programs will determine the choice of chemical extractants and leachates
to be used in the soil washing process.
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Additional future engineering studies will be discussed in subsequent submittals of this CDR.

1.3.2 Project Scope

The scope of work for this CDR was provided in FERMCO PO-81, Revision 1, and is included in
Volume II, Attachment A. The significant components of the soil remediation project scope include:

1) Contaminated soil excavation, monitoring, transportation, and stockpiling
2)  Contaminated soil treatment
3) Clean soil transportation and stockpiling

4) Secondary waste handling
5) Utility system support

1.3.2.1 Contaminated Soil Handling

The Soil Characterization and Quantification Study (SCQS) (contained in Volume II, Attachment C)
provides an estimate of the types of contaminants and quantity of contaminated soils contained in each
FEMP OU. The SCQS determined that the distribution of contaminants in FEMP soils are often similar.
This suggests that removing the volume of soil contaminated with a key constituent results in the removal
of soils contaminated with other constituents as well. It is assumed that U-total is the key constituent
in FEMP soils. Based on available soil monitoring data, the SCQS determined that there is approximately
604,000 cubic yards of soil at the FEMP which is contaminated with U-total at levels exceeding the 35
- pCi/g remediation goal. However, due to a lack of soil monitoring data for subsurface soils, especially
in OU4, the SCQS estimate is considered to be a lower limit of the volume of contaminated soil.

Each FERMCO CRU has developed an estimate of the contaminated soil volumes contained in their
respective OUs. These FERMCO estimates are primarily based upon the physical characteristics of each
remedial element and assumptions as to the depth of contamination. As part of the Soil Remediation
Schedule Study (SRSS) (contained in Volume II, Attachment D), the SCQS estimates were compared to
each of the FERMCO estimates and a conservative estimate of contaminated soil volumes developed.
Table 1-1 presents a comparison of SCQS and FERMCO estimates, and the conservative estimate used
for the SRSS. ‘
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Table 1-1 - Contaminated Soil Volumes (In Cubic Yards)

6376

Operable Unit SCQS FERMCO Conservative
Estimate Estimate Estimate
1 128,000 294,500 294,500
2 28,000 85,850 85,850
3 - 428,000 900,000 ~ 900,000
4 0 29,629 29,629
5* 20,000 36,300 56,300
Total 604,000 1,346,279 1,366,279
* Note: The SCQS Esumate for OU-5 does not include existing controlled soil stockpiles. The

FERMCO Estimate does not include in situ QU-5 soils. The Conservative Estimate for QU-5
includes both controlled soil stockpiles and in situ OU-5 soils.

The contaminated soil volume estimates were used along with the most current OU remediation schedules
to prepare a recommended FEMP soil remediation strategy. The SRSS determined that approximately
1.4 million CY (approximately 2.4 million tons) of contaminated soil require treatment. The results of
the SRSS were used to determine the capacity of the proposed soil washing system.

The SCQS contaminated soil volume estimate of 604,000 CY may be considered a lower limit and the
SRSS Conservative Estimate of 1,366,270 CY may be considered an upper limit. Section 3 of this CDR
will provide a comparison of the costs of treating the lower and upper limits of contaminated soil
volumes.

The Material Handling Plan will be based upon the results of the SCQS, the SRSS, the Technical
Evaluation Report for the Site Integrated Soil Washing System (TER) (included in Volume II, Attachment
E), and the following considerations:

1) = Feed requirements of the soil washing system
2) Stockpile capacities (contaminated and clean soil stockpiles)
3) Size and shape of the areas to be excavated
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4) OU remediation schedules (i.e., the OU-3 Decontamination and Decommissioning [D&D]
schedule)

5) Production rates of the excavation equipment to be employed

6) Decontamination requirements of mobile equipment

D Soil types excavated

8) Stormwater ‘run-off control in active excavations

The plan will provide effective planning and scheduling of the excavation of each OU, and optimize the
size and make-up of the material handling equipment fleet. The plan will provide the following
documents. which will be included in subsequent submittals of the CDR:

1) Material flow diagrams

2) Typical excavation cross sections illustrating soil excavation, soil placement and stormwater run-
off control measures

3) A CDR section detailing the requirements of soil excavation, soil placement, and containerizing
and handling of soil residues.

1.3.2.2 Soil Treatment

The TER provides an overview of soil washing as a viable treatment technology for use on FEMP site
soils. The following soil washing systems were evaluated in the TER:

1) Mineral acids

2) Citrate-bicarbonate-dithionite with ammonium carbonate
3) Citric acid/citrate

4) Bisequential citric acid/carbonate

S) Sodium carbonate/bicarbonate

All of the above systems were able to reduce the uranium concentration in the soil below the remediation
goal of 35 pCi/g. However, the TER recommended sodium carbonate/bicarbonate as the scrubbing/
extracting solution for the proposed soil washing system. The following subsection briefly describe the
results of the evaluation of each system:

5" {3 (}8R4E51\VOL1:RSAPPS\RSDATA\
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Mineral Acid

Leaching of soil by mineral acid was more destructive to soil constituents, particularly aluminosilicate
clay minerals. This produces large volumes of sludge during the precipitation of uranium from the
leachate. The production of this sludge is an additional waste form requiring treatment. Also large
volumes of acid are used in dissolution of carbonate minerals, namely calcite and dolomite. Such
reactions do not occur in alkaline leach involving sodium carbonate extractions.

Citrate-Bicarbonate-Dithionite With Ammonium Carbonate

Citrate-bicarbonate-dithionite with ammonium carbonate leaching also produced some sludge. Inaddition,
leaching for this system must take place at high temperatures (75 to 80 degrees C). Sulfates precipitate
from the leaching solution and entrain the uranium upon cooling to ambient, meaning that filtration must
happen quickly after leaching at high temperatures. The citrate forms soluble complexes with the iron
and aluminum which reduces the citrate’s capacity to complex uranium plus 4 valence (uranium plus 4
valence cannot be extracted because it precipitates out as a hydrated oxide). Another disadvantage is that
the quantities of citrate and dithionite required during testing were high, which would mean high
operating costs. ‘

Citric Acid/Citrate

Citric Acid/citrate leaching removes significant quantities of iron, aluminum, calcium, and magnesium
from the soil. The quantity of the acid needed to treat the soil is high due to dissolution of carbonate
minerals, namely calcite and dolomite. This creates a high volume of sludge and associated complex

waste disposal scenarios. Also, both the 'dliantity of acid required, and the leach time (4 hours) are high.

_ Bisequential Citric Acid/Carbonate

The citric acid/carbonate extraction is a three stage process; Stage 1 involves leaching with citric acid,
Stages 2 and 3 involve leaching with sodium carbonate. This obviously is more complex than a single
stage extraction involving acidic or alkaline leach. Citric acid is not economically produced in large
quantities. In addition, the process complexity will result in highér capital equipment and operating costs.

Sodium Carbonate

Sodium carbonate selectively leaches uranium from the soil, and does not destroy the aluminosilicate
minerals to the extent as the mineral acids. Therefore it does not generate a high amount of secondary
waste. The tetravalent uranium is oxidized to hexavalent uranium at a faster rate compared to acid
solutions, and the uranium plus 6 valence is readily leachable with sodium carbonate. A leach time of
" 2 hours is required because of slow reaction kinetics at a leach temperature between 40 to 60 degrees C.
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Figure 1-3 provides a block flow diagram for the proposed soil washing system. The proposed soil

7 /Washing process is shown in greater detail in the Process Flow Diagrams (PFDs) included in Volume II,
Section 3. The soil washing process is designed to receive and process a nominal 12.5 tons/hr of soil,
and will operate 7 days per week, 24 hours per day. The soil washing system incorporates a combination
of physical separation and chemical extraction techniques in order to separate uranium (the primary
contaminant) from the contaminated soil. Once separated, the resultant clean soil is returned to the site
as backfill, and the contaminated fraction is sent for further treatment (such as vitrification or
cementation) and/or disposal. The following unit operations are involved in the proposed soil washing
system:

1) Material handling

2) Screening

3) Drum washing

4) Flocculation

5) Thickening

6) Leaching

7 Filtration

8) Precipitation

9) Reagent receipt and handling

Material Handling

The material handling diagrams and operating philosophy are being developed and will be included in
subsequent submittals of this CDR.

Screening, Drum Washing. Flocculation, and Thjckening

The screening, drum washing, flocculation, and thickening operations are shown in detail in Sketch No.
SK-F-02107 included in Volume II, Section 3. A front-loader is used to transfer the excavated soil from
the enclosed contaminated soil storage to a feed conveyor via a feed hopper. This conveyor feeds the
soil to a vibrating bar grizzly with a 6-inch opening. The oversize material from the vibrating grizzly
is transferred to the secondary drum washer where it is water washed. The undersize material from the
vibrating bar grizzly is sent to the primary drum washer, with a 1/2-inch trommel screen at its outlet,
where the soil is water washed. The plus 1/2-inch material is sent to the secondary drum washer, and
the minus 1/2-inch material is sent to a vibrating double deck screen for wet screening using water
sprays. This vibrating double deck screen has a 4 mesh lower screen and a 3/4-inch protective top
screen. The plus 4 mesh material from the double deck screen is transferred to the secondary drum
washer. The secondary drum washer has a 4 mesh trommel screen at its outlet. The plus 4 mesh water
washed material is returned to the site as clean soil after verification, and the minus 4 mesh water washed
material is returned to the double deck screen.
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The minus 4 mesh material from the double deck screen is sent to the primary thickener where flocculant
is added to aid in the settling process. The flocculant is received in 55 gallon drums. The flocculant is
metered from the drums to the flocculant make-up tank where it is mixed with enough process water to
form a 0.1 percent flocculant solution.

The thickener overflow is sent to a sump from where the overflow is pumped to the wastewater hold
tank. The thickener underflow (35 percent solids) is pumped to the leaching process.

Leaching

The leaching and filtration operations are shown in detail in Sketch No. SK-F-02108 included in Volume
II, Section 3. The 35 percent solids underflow from the primary thickener is received in the first in a
series of three agitated reactor scrubbers. These reactor scrubbers act as combination attrition scrubbers
and leach tanks. Autrition scrubbing is done to abrade and separate the smaller uranium particles from
the larger clean soil particles, and leaching is done to remove the uranium from the soil and put it into
solution. The reagents sodium carbonate/bicarbonate and potassium permanganate are added to the first
reactor scrubber along with the 35 percent soil slurry. This process is designed to take place at a
temperature of 40 degrees C. Therefore, steam is added to each of the reactor scrubbers in order to raise
and maintain the temperature of the scrubbing/leaching solution. The reactor scrubbers have a total
residence time of 2 hours.

After leaving the reactor scrubbers, the slurry is pumped to the leach thickener where flocculant is added
to aid in the settling process. The overflow from the leach thickener is sent to a sump from where the
overflow is pumped to the precipitation process. The leach thickener underflow (50 percent solids) is
pumped to the leach belt filter holding tank, which feeds the leach belt filter. The filter cake is washed
with process water before discharge and is then discharged at approximately 75 percent solids level. This
cake is considered as clean soil and is returned to the site for backfill after verification. The filtrate from
the belt filter is collected in three separate zones (typical). The filtrate from the first zone near the
beginning of the belt filter is expected to contain dissolved contaminants. Therefore, it is pumped to the
precipitation process. The filtrates from the last two zones are recycled back to the belt filter and help
in washing the filter cake progressively, the final wash being with process water.

Precipitation

The precipitation operation is shown in detail in Sketch No. SK-F-02109 included in Volume II, Section
3. The overflow from the leach thickener and the filtrate from the leach belt filter are received in the
first of a series of two precipitation tanks along with the precipitation reagent sodium hydroxide.
Precipitation is performed in order to make the leached uranium insoluble, thereby bringing the uranium
out of solution in solid form. The precipitation tanks have a total residence time of 1 hour which allows
ample time for all reactions to occur.
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After leaving the precipitation tanks, the slurry is sent to a regeneration tank where CO, is introduced
to react with the remaining sodium hydroxide, yielding sodium carbonate and water. From the
regeneration tank, the slurry is pumped to the precipitate thickener where flocculants are added to aid in
the settling process. The overflow from the precipitate thickener is sent to a sump from where the
overflow is pumped to the wastewater hold tank. The precipitate thickener underflow (35 percent solids)
is pumped to the precipitate belt filter holding tank, which feeds the precipitate belt filter. The filter cake
is washed with process water before discharge and is then discharged at a 70 percent solids level. This
cake is considered as contaminated and is sent on to further treatment and/or disposal. The filtrate from
the precipitate belt filter is pumped to the wastewater hold tank.

The collected quantities in the wastewater hold tank are pumped through multi-media filters in order to
remove particulate matter. The effluent from the multi-media filters is transferred to the recycle water

storage tank. This water is recycled to the primary drum washer and the double deck screen. A portion

of the recycle water is bled to the AWWT facility.

Potassium permanganate (KMnO,) is received as a dry material in bags. The dry potassium permanganate
is hand-dumped into the potassium permanganate make-up tank and mixed with process water to form
solution. :

Reagent Receipt and Handling

The reagent receipt and handling operations are shown in detail in Sketch No. SK-F-02110 included in
Volume II, Section 3. The sodium bicarbonate, sodium carbonate, and caustic soda reagents are supplied
to the soil washing facility via tank trucks.

Sodium bicarbonate and sodium carbonate are brought in as dry materials and are unloaded to their
respective storage silos. From the storage silos, these reagents are pneumatically conveyed to their
respective day bins, from where they are conveyed to the process at predetermined rates.

Caustic soda is supplied to the soil washing facility as liquid in the form of 50 percent NaOH solution.
The caustic soda is pumped from the tank truck to the caustic soda storage tank. From the storage tank,
caustic soda is transferred to a day tank, from which the process is supplied.

Facility Type and Siting

The TER also evaluated whether the soil washing system should be a single, centrally located facility,
or multiple portable systems. The TER recommended the soil washing project be a single, centrally
located facility with multiple process trains.
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In addition, the TER also evaluated alternative project sites for a central soil washing facility. A 7-acre
parcel south of the proposed AWWT-Phase III facility was recommended as the project site because the
cost to extend utilities to the project site and prepare the site for construction was determined to be the
lowest among the alternatives evaluated. In addition, the vehicle fleet size required to maintain the
remediation schedule is equal to, or smaller than, the alternative project sites.

1.3.2.3 Clean Soil Handling

The clean soil fraction remaining after. treatment must be transported from the soil washing system to a
clean soil stockpile. A more detailed description of treated soil handling will be provided as part of the-
Material Handling Plan and included in subsequent submittals of the CDR.

1.3.2.4 Secondary Waste Handling

The soil remediation project will generate several types of secondary waste, including: unwashable soils,
concentrated contaminant residue, the contaminated soil fraction remaining after treatment, and process
wastewater. A more detailed description of secondary waste handling will be provided as part of the
Material Handling Plan and included in subsequent submittals of the CDR.

1.3.2.5 Utility System Support

A detailed description of the utility support requirements, and proposed expansions/additions to the FEMP
utility systems will be included in subsequent submittals of the CDR. In addition, proposed changes to
the FEMP road system will be included in subsequent submittals of the CDR.

1.3.3 Design and Construction Work Packages

To prepare the required engineering documents and to perform the associated construction in a
manageable sequence, four design and construction work packages have been developed to complete the
remediation effort. These packages include:

1) Site Preparation, Utilities and Security

2) Material Handling Systems and Facilities
¢ Contaminated Soil Excavation and Monitoring
2) Contaminated Soil Handling Systems ’
3) Contaminated Soil Stockpile
4) Clean Soil Handling Systems
5) Clean Soil Stockpile
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3) Soil Washing System and Facilities

4) Secondary Waste Handling Systems and Facilities
) Unwashable Soil Handling
@) Contaminated Soil Fraction Handling
€)) Concentrated Contaminant Residue Handling
“) Process Wastewater Handling

~ The scopes of work for each of these work packages will be described in further detail in Section 1 of -

Volume II.
1.4 Justification

In March 1985, the US EPA issued a Notice of Noncompliance letter to the DOE identifying the US
EPA'’s concerns regarding environmental impacts associated with past operations which occurred at the
FEMP. In July 1986, a Federal Facility Compliance Agreement (FFCA) was signed by the DOE and
US EPA under authority of Executive Order 12088. The FFCA addresses the prevention, control, and
abatement of environmental pollution at the FEMP site. In November 1989, the FEMP was added to the
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) National Priorities
List. Pursuant to the authorities under CERCLA Sections 120 and 106(a), the DOE and the US EPA
entered into a Consent Agreement in April 1990 for remediating the FEMP under the provisions of
CERCLA. This 1990 Consent Agreement identified the FEMP OUs. In September 1991, the Consent
Agreement was amended to allow schedule relief. The Notice of Noncompliance, the FFCA, and the
Amended Consent Agreement (ACA) form the regulatory basis for remediating the soil under the
proVisions of CERCLA. These agreements also influence the schedule for soil remediation. A Proposed
Draft ROD specifying the leading remedial alternatives for OU-5 is due to be submitted to the US EPA
by July 2, 1995. ' '

According to the Treatability Study Work Plan for Operable Unit 5 Soil Washing (DOE 1992a), large
portions of the FEMP production area currently have U-total concentrations greater than 35 pCi/g in soil
depths up to 1.5 feet. Approximately 5O percent of the former production area soils contain uranium
contamination exceeding 35 pCi/g. U-total concentrations greater than 35 pCi/g below 1.5 feet are
primarily restricted to certain production and maintenance facilities. Concentrations of U-total in FEMP
soils outside the production area and the waste storage area are generally less than 35 pCi/g. Exceptions
include suspect areas such as the Fire Training Area, the Sewage Treatment plant area, and the rubble
mound west of the K-65 silos. In addition, organic contamination occurs near facilities where chemicals
were used for process development or in conjunction with machining and maintenance operations.

This project will provide for the excavation and treatment of contaminated soils to a level compliant with
the US EPA-approved RAOs. Any delay in this project will result in further contamination of FEMP
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and surrounding soils due to airborne deposition, and further contamination of the Great Miami Aquifer
caused by the transport of contaminants by rainfall infiltration.

1.5 Leading Remedial Alternatives

Typically during the CERCLA process, a Remedial Investigation/Feasibility Study (RI/FS) is prepared
prior to initiating development of a CDR. After completion of the RI/FS, the DOE will submit a
" Proposed Draft ROD to the US EPA for approval. In order to facilitate long-range planning and
budgeting, this CDR is being developed prior to completion of the RI/FS and issue of the CERCLA
ROD. The Leading Remedial Alternative will be one of the alternatives discussed within the FS.

Table 1-2 presents the soil remedial alternatives identified in the final Initial Screening of Alternatives for
Operable Unit 5 (DOE 1992a).

Table 1-2 - Soil Remedial Alternatives (DOE 1992a)

Alternative Description

1 No Action

2 Institutional Actions, Excavation, Intermediate Storage

3 Institutional Actions, Excavation, Disposal (Option 1: On-Site, Option 2: Off-Site)

4 Institutional Actions, Excavation of Sediments, Multilayer Capping

5 Institutional Actions, Excavation, Soil Washing, Intermediate Storage of Residuals

6 Institutional Actions, Excavation, Soil Washing, Disposal of Residuals

7 Institutional Actions, Excavation, Batch Vitrification, Backfilling of Vitrified
Residuals

8 Institutional Actions, Excavation, Batch Vitrification, Disposal (Option 1: On-Sité,
Option 2: Off-Site)

9 Institutional Actions, Pozzolanic-Based/Cement-Based Stabilization/Solidification

This CDR is based on the assumption that the approved FS and Draft ROD will provide for the leading
remedial alternative of Institutional Actions, Excavation, Soil Washing, Disposal of Residuals.
Alternatives 1, 2, 3, and 4 were also considered and retained for a detailed evaluation. Alternatives 5,
7, 8 and 9 were rejected dliring the initial screening process for the following reasons:
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Alternative 5 was rejected because of the uncertainties in the amount of time required to achieve
ultimate cleanup and the fact that the short-term protection of human health and the environment
during implementation will not be fully achieved due to the time and exposure risks associated
with intermediate storage.

Alternative 7 was rejected because it would not achieve long-term effectiveness due to the risks
associated with the contaminants remaining in the vitrified mass.

Alternative 8 was rejected due to its high costs and the uncertainty over the availability of
disposal facilities.

Alternative 9 was rejected due to its questionable long-term effectiveness.
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SECTION 2

PROJECT STRATEGY AND SCHEDULE

This section discusses the project Work Breakdown Structure (WBS) and how it is integrated into the
overall site WBS, the proposed design and construction management system, the project design,
procurement and construction strategies, project functional requirements, project milestone activities, and

. project schedules.. . o e R

2.1 Project WBS

Figure 2-1 providesia WBS for the Soil Remediation project. This figure demonstrates how the project
will be organized and managed at facility and integration levels. The facility level includes the design
activities, and the project integration level includes construction and construction support activities.

Figure 2-2 provides a Responsibility Assignment Matrix that identifies the project participants (as defined
at the time this CDR was prepared) and the work activities that each will perform. The work activities
are tied to the project WBS. The participants include:

1)) DOE

2) FERMCO

3) PARSONS

4) Construction Subcontractor

A summary of the roles and responsibilities that will be assigned to each participant in the matrix is
described below: '

DOE

The DOE is the owner of the FEMP, and is responsible for the oversight of all site activities. The DOE
will provide project management and direct all aspects of the project including specific approval of
assignments to the various participants and approval of all work performed.
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BEING DEVELOPED

Figure 2-1 - Soil Remediation Project Work Breakdown Structure
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BEING DEVELOPED

Figure 2-2 - Soil Remediation Project Responsibility Assignment Matrix
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FERMCO

FERMCO is contracted to the DOE to manage the site. FERMCO will provide project management for
the design work that will be performed by PARSONS and the construction that will be performed by a
construction subcontractor. FERMCO will procure any special equipment. FERMCO has the primary
responsibility for providing the following Title III engineering services during construction:

1) Construction contract activities and administration
2) Project coordination with existing FEMP operations and other construction projects
3) Interface with the DOE and Federal and State regulatory agencies
4) Pre-award construction meetings
5) Development of cost estimates for change requests
6) Construction inspection and quality control
7 Field quality assurance
8) Development of "red-line” drawings for as-builts
9) Archived storage of records after project closeout
10) Facility warranties and guarantees
11) Disposition of design clarification requests
12) Disposition of field change requests
13) Disposition of vendor data and equipmeni observations at vendor shops
14) Equipment and systems operational testing, .checkout, inspection, and acceptance
15) Preparation of various plans in support of the project

Project support plans include, but are not limited to, Safety and Risk Assessment documents, Health and
Safety plans, operating procedures, and training and lesson plans. FERMCO will provide project support
services including subcontractor personnel training, heaith and safety monitoring, radiation monitoring,
and transportation and disposal of construction debris.

PARSONS

PARSONS is the Architect-Engineering firm contracted to FERMCO to provide remedial design support
for the FEMP site remediation. PARSONS will perform Title I and II engineering for this project.

~ Design deliverables will include drawings, construction specifications, equipment data sheets, and a cost
estimate. PARSONS will provide Title III engineering support to FERMCO including:

1 Review of vendor data submittals
2) Disposition of design change requests

3) Development of as-built drawings
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4) Disposition of field change requests as requested by FERMCO.
5 Disposition of vendor data and equipment observations at vendor shops as requested by FERMCO

6) Development and final disposition of punch lists during the final inspection and acceptance stage
as requested by FERMCO

Construction Subcontractor

A construction subcontractor will be selected via the DOE contract procurement process to construct the
soil remediation system and facilities. The construction subcontractor will provide all labor, materials,
equipment, and transportation necessary to construct the soil remediation system and facilities.

2.2 Project Strategy

The following subsections describe the proposed strategies for design, procurement, and construction.
These strategies correlate with the Summary Project Schedule presented in Subsection 2.5 and the
spendout costs presented in Section 3 of this CDR.

2.2.1 Design Strategy

A Design Criteria Report (DCR) will be prepared based on the findings and conclusions of this CDR and
appropriate RI/FS documentation. The DCR will provide the technical basis for the design of the soil
remediation project. The DCR will be completed in November 1994, prior to initiating the Title I/1I
design. Title I/II design work for the soil remediation project will comply with DOE Order 6430. 1A,
General Design Criteria. Title I/II design shall commence in November 1994 and take approximately
25 months to complete. Title I/II design will be performed in support of the planned sequence of
procurement and construction so that a lump sum procurement package can be let to prospective bidders
by November 1996.

2.2.2 Procurement Strategy

Procurement of the soil remediation project shall commence in November 1996. A lump sum
construction contract will be awarded in March 1997. Long lead-time equipment design packages will
be prepared as early as possible to adhere to the project schedule. Vendor data on long-lead items will
be required to support the design effort.
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2.2.3 Construction Strategy

Construction of the soil remediation project, from contract award to completion of operational testing,
shall take approximately 12 months. Section 2.5 outlines the sequence of the soil remediation project
construction phase.

The soil remediation project facilities are assumed to be pre-engineered buildings. It is also assumed that
adequate power and utilities are available at or near the project site. Service connections of site utilities
are required. A new electrical substation is required to support the soil remediation project systems.

2.2.4 Operating Strategy

The soil remediation project’s soil washing system will operate 24-hours per day, 365 days per year. The
operating life of the project is assumed to be 21 years, 2 months. In reality, the soil remediation project
will operate until the soil RAOs specified under the US EPA-issued ROD are met.

Staffing requirements are based on five 8-hour shifts per man per week, and include actual workers

required to cover weekends, holidays, vacations, and sick leave. Full time staffing requirements are
being determined and will be included in subsequent submittals of this CDR.

2.2.5 Closure/Post Closure Strategy

This section will discuss the strategy for closing the project after RAOs are met,
decontamination/decommissioning plans, and any long-term monitoring requirements. It is currently
being developed and will be included in subsequent submittals of this CDR.

2.3 Functional Requirements

2.3.1 Introduction

This subsection provides the basis for the development of the soil remediation project and defines the

" functional objectives for each element of the soil remediation project. This subsection also includes the
assumptions used to develop the conceptual design, the constraints and limitations placed on the design,
and the regulatory and design requirements. Figure 2-3 shows the functional elements -of the soil
remediation project graphically. The remainder of this subsection is organized by these functional
elements.
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The following terms are used in this section:

1)

2)

3)

4)

5)

6)

2.3.2

"Incoming Soil” is destined for treatment in the treatment facility. Generally, it will be
contaminated with greater than 35 pCi/g of depleted uranium. It may contain other contaminants
as well.

"Treated Soil” has been through the uranium reduction treatment process. It may still not be
satisfactory for uncontrolled use due to concentration levels of other contaminants,

"Clean Soil" is acceptable for (uncontrolled) re-use on the site because it does not contain any
contaminant (including uranium) concentrations above the clean-up levels.

"Residue” is the soil fraction into which the uranium contaminants are concentrated during
treatment. (It may also contain other contaminants.)

"Primary Waste" includes soil and excavated material that have passed through the treatment
system but cannot be released for re-use on the site due to contaminants (other than uranium) that
are still above their associated clean-up levels. This category also includes the uranium-
contaminated soil residue (see above) and any soil or debris that cannot be processed (because
of its size or other reasons).

"Secondary Wastes" are the non-soil wastes generated by the treatment process (e.g., filtrate,
filter media, sludges, wastewater, etc.).

Functional Objectives

2.3.2.1 General Objectives

1) FEMP soils (either in-place or in stockpiles) which have contaminant concentrations equal to or
exceeding the assumed clean-up levels will be removed and treated to ensure that their uranium
concentrations are below 35 pCi/g.

2) All facilities will be designed and constructed to allow for efficient future decontamination and
decommissioning.

3) The systems shall maximize the amount of soil available for uncontrolled use.

&
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2.3.2.2 Material Handling

1

2)

3)

4)

5)

In-place OU-3 and OU-5 soils will be excavated, temporarily stored, and transported to the
treatment facility.

The soil excavation plan shall be based on concentrations of total uranium (U-total) exceeding 35
pCi/g. Soil will be monitored at excavation to determine whether it requires treatment for
uranium removal. Excavated soils with U-total levels below 35 pCi/g will be set aside for further

~ testing to determine if they can be used as uncontrolled backfill or must be handled as primary

waste.

Sufficient quantities of incoming soil requiring remediation will be stockpiled to allow continuous
operation of the treatment system. Incoming soil may be stockpiled at the soil washing facility
and/or at the CSF. ' ‘

Stockpiles of incoming soil will be segregated to the extent possible based on types of
contamination. Incoming soils that contain both hazardous waste contaminants and free liquids
must be stored in an area with secondary containment. Soil containing significant contamination
may have other types of storage requirements.

All material handling methods and equipment shall be designed with Human Factors/Ergonomics
engineering as a key element of the design.

2.3.2.3 Treatment

1)

2)

There shall be a single, stationary treatment facility. Soil washing will be the treatment
technology. The treatment systems will physically separate organic material such as roots and
branches from the soil. The treatment system will reduce the uranium concentration to 35 pCi/g
or less without significantly degrading the physiological characteristics of the soil.

Soil washing may not remove all contaminants to below their clean-up levels. Treated soil shall
be monitored to determine if it may be used as uncontrolled backfill (clean soil) or must be
handled as primary waste (residue).

2.3.2.4 Clean Soil}Storage

1) Clean soil will be stockpiled until it is transported for uncontrolled use.
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2.3.2.5 Waste Handling
1)  Short-term storage of primary and secondary wastes will be required.

2) Primary and secondary wastes will be packaged (as necessary) and transported to final disposal
facilities. '

2.3.2.6  Utility Systems

1 Utility support system interfaces (including pipelines for supply of process watcr and discharge
of contaminated wastewater) will be provided by this project from existing or proposed site utility
systems.

2.3.3 Reqgulatory and Design Requirements

CERCLA projects must comply with all Applicable or Relevant and Appropriate Requirements (ARARs)

. consisting of Federal and State environmental regulations. Additionally, all FEMP projects must be

conducted in accordance with specific DOE orders for environmental, safety, and health and facility
design. The following subsections address these requirements.

2.3.3.1 Applicable or Relevant and Appropriate Requirements

40 CFR 300.430(f) requires that the selected remedial alternative satisfies all non-waived ARARs. The
soil remediation system must comply with those ARARs identified for OU-5 and approved by the US
EPA. To date, the US EPA has not approved a final list of ARARs for OU-5. The ARARs identified
by this document (located in Volume II, Attachment B) are based on the preliminary list of ARARs and
the current understanding of the scope of this project. For each ARAR identified, the regulatory citation,
a summary of the requirement, and the implementation strategy are provided. The implementation
strategy will be expanded in the Remedial Action Work Plan to explain how each identified ARAR will
be met or to reiterate the grounds for invoking a waiver of the ARAR under 40 CFR 300.430(f)(1)(1i}C).
The implementation strategies and associated conceptual design criteria may need to be revised in
response to the US EPA's final approved list of ARARs.

Non-regulatory guidance documents and proposed regulations termed "To Be Considered” (TBC) will
also be met to the extent possible. Pertinent TBCs are included in the ARAR list in Volume II,
Attachment B. The incorporation of TBCs will be determined by the DOE/FERMCO.
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2.3.3.2 DOE Ol‘del;s

The soil remediation system -must be designed to ensure compliance with DOE orders and policies
regarding nuclear safety, radiation safety, industrial safety, fire protection, and environmental protection.
In accordance with DOE Order 6430.1A Section 1300-1.3, the facilities will be designed to protect the
public and facility personnel from hazards associated with the use of radioactive and other hazardous
material as a result of normal operations, anticipated operational occurrences, and design basis accident
conditions (including the effects of natural phenomena pertinent to the FEMP). Fire protection will
~ conform to FEMP and National Fire Protection Association (NFPA) standards. '

The facilities must be designed so that annual radiation exposures to occupational workers are kept less
than 1 rem, the FEMP administrative level for a whole body dose. DOE Order 6430.1A, "General
Design Criteria," states that facility design must limit exposure to one-fifth of the limits in DOE Order
5480.11, "Radiation Protection for Occupational Workers.” The treatment facility and incoming soil
storage area shall meet radioactive solid and liquid waste facility requirements. The facilities will also
be designed to minimize exposure of personnel and the general public to radioactive materials in
accordance with the guidance provided in the Health Physics Manual of Good Practices for Reducing
Radiation Exposure to levels that are As Low As -Reasonably Achievable (ALARA) (PNL 1988), the DOE-
HQ Radiological Controls Requirements Manual (RM-0009), and DOE Order 6430.1A, "General Design
Criteria."

The soil remediation system will be designed in accordance with the following DOE orders at a
minimum;

) 1) DOE Order 5400.1, "General Environmental Protection Program.”

2) DOE Order 5400.5, "Radiation Protection of the Public and the Environment."
3) DOE Order 5480.11, "Radiation Protection for Occupational Workers."

4) DOE Order 5820.2A, "Radioactive Waste Management."

5) DOE Order 6430.1A, "General Design Criteria."

2.3.3.3 Other Design Requirements

The following other regulations, DOE orders, and industrial codes and standards will be reviewed and
used (where appropriate) during the design of the soil remediation facility:

1) Code of Federal Regulations, 10 CFR 435, "Energy Conservation Voluntary Performance
Standards for New Buildings."

2) American Concrete Institute (ACI), 1989, ACI-318-89, "Building Code Requirements for
Reinforced Concrete. " SR
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3)

4)

5)

6)

8)
)]
' 10)
11)

12)

13)

14)

15)

16)

17

18)

American Institute of Steel Construction, Inc., "Manual of Steel Construction,” 9th Edition.

American Society of Civil Engineers, 1990, ASCE 7-88, "Minimum Design Loads for Buildings
and Other Structures.”

United States Department of Energy, DOE Order 4700.1, "Project Management System."
United States Department of Energy, DOE Order 5700.6C, "Quality Assurance:"

United States Department of Energy/Technical Information Coordinator 1986, DOE/TIC 11603,
Rev. 1, "Nonreactor Nuclear Facilities: Standards and Criteria Guide."

National Fire Protection Association, NFPA 70, "National Electrical Code."
National Fire Protection Association, NFPA 10‘1, "Life Safety Code."

Ohio Basic Building Code (OBBC), 1992, OBBC-1992.

RM-0013, Rev. 0, "Fire Protection Requirements Manual."

RM-FMPC-0001, 1990, "Feed Materials Production Center (FMPC) General Design Criteria
Manual."

Site Standard Operating Procedure, SSOP-0044, "Management of Soil, Debris, and Waste from
a Project (to be revised per RA-17 Work Plan).” .

Uniform Building Code (UBC), UBC-91.

University of California Research Laboratory (UCRL), UCRL-15910, "Design :ind Evaluation
Guidelines for Department of Energy Facilities Subjected to Natural Phenomena Hazards, 1990."

American Society of Mechanical Engineers (ASME), 1992, ASME-92, "Boiler and Pressure
Vessel Code, Section VIIIL." ‘

American Society of Mechanical Engineers, 1990, ASME-B31.3-90, "ASME Chemical Plant and
Petroleum Refinery Piping.”

TM-FMPC-2089, "The On-Site Transportation of Radioactive and Nonradioactive Hazardous
Materials."
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2.3.4 Assumptions
2.3.4.1 General Assumptions

1) The SRSS (contained in Volume II) contains a recommended soil remediation strategy and
schedule which will be the basis for this CDR.

2) The soil remediation system will operate for 21 years, 2 months.

3) "The SCQS provides the assumed action levels used to determine which soils will be excavated.

2.3.4.2 Material Handling

1) FEMP soils are composed of gravels, silts, and clays in various combinations. An average swell
factor of approximately 30 percent is assumed between the in-place volumes and the loose (or
excavated) volumes of soils.

2) Soils will not be excavated deeper than the glacial till. (ranging from 3 to 30 feet).

3) No additional containment will be required for the areas being excavated.

4) Soil excavated by OUs 1, 2, and 4 will be transported to defined incoming soil stockpiles by the
generator. These soils will meet the soil treatment facility acceptance criteria.

5) QUs 3 and 5 soils excavated by CRU-3, or already stored in soil stockpiles, shall be transported
to the incoming soil stockpiles by CRU-5.

6) A maximum of 3,500 tons of soil will be available at an enclosed incoming soil stockpile located
adjacent to the treatment facility. Other contaminated soil stockpiles will also be available to
ensure continuous treatment system operation.

) The excavation and transportation systems shall operate 5 days/week, one shift/day. Redundant
equipment shall be provided to ensure 100 percent system availability.

2.3.4.3 Treatment
1) The treatment goal is assumed to be <35 pCi/g U-total in soil, pending approval by the US EPA

and Ohio Environmental Protection Agency (Ohio EPA). Treated soil that does not meet this
treatment goal may be reprocessed or handled as primary waste.
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2)

3

4)

5)

6)

7

Approximately 1.4 million cubic yards (approximately 2.4 million tons) of contaminated soil will

.. be treated.

The system will be able to handle various combinations of silt, gravel, and clay.
Commercially available equipment will be used to the extent practical.
The system shall incorporate the use of existing FEMP equipment to the extent possible.

The clean soil is assumed to have a volume that is only 70 percent of the volume of the incoming

3

soils.

The treatment system shall operate 7 days/week, three shifts/day, with an 85 percent or better
on-stream factor and a 75 percent processing efficiency. The total annual treatment capacity is
assumed to be 109,500 tons (based on a nominal treatment capacity of 12.5 tons/hour [rated
capacity 20 tons/hour by 0.85 on-stream factor by 0.75 processing efficiency = 12.5 tons/hour}).

2.3.4.4 Clean Soil Storage

Y

Clean soil shall be stockpiled outdoors, adjacent to the treatment facility before being transported
for uncontrolled use.

2.3.4.5  Waste Handling

1) Up to 750 tons of primary waste storage shall be provided before the waste is transported to final
disposal on site. Transportation is included in the scope of this project, but final disposal will
be by others.

2) Wastewater shall be treated and recycled for use in the soil washing facility to the extent possible.
A small portion will be sent to the AWWT system (after pretreatment to remove solids) for
further treatment.

3) . Itis assumed that primary and secondary waste will be disposed of on site. The waste acceptance
criteria for on-site disposal are assumed to be the same as was defined in the CDR, "Functional
Requirements for the Engineered Disposal Facility,” dated May 21, 1991.
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2.3.4.6 Utility Systems

1) Sufficient utilities, including process water from the AWWT system, will be available from
existing or proposed systems at the FEMP site for the entire life of this project. This project is
assumed to include connections to existing FEMP fire, electrical power, stormwater, potable
water, sanitary sewer, alarm, process water, plant air, and telephone utilities.

2.3.5 Constraints and Limitations

2-.3;5.1 ‘ General Constraints and Limitations

1) All applicable regulatory requirements, site standards, and DOE requirements shall be met (see
Item 2 in Subsection 2.3.5.1 and Item 1 in Subsection 2.3.5.2 for particular concerns).

2) Runon and runoff control and stormwater management are required at all facilities, including all
soil stockpiles. ’

3) The remediation schedules of the other OUs will affect both excavation and reclamation (see
SRSS, Volume II).

4) Minimizing cross-contamination of clean areas and control of air emissions are required in all
phases of the operation.

2.3.5.2 Material Handling

1) Special worker protection may be required when handling soils that are contaminated with other
(than U-total) contaminants and hazardous substances. A Preliminary Hazards Analysis will be
prepared as part of the Safety Assessment to determine the need for worker protection.

2) Many excavation decisions will be made in the field, based on contamination levels unearthed in
order to avoid removing clean soils.

3) Excavation will not occur during extreme weather conditions such as heavy rains, tornados,

frozen ground, etc.

4) The Incoming Soil Storage areas must meet Radioactive Solid Waste Facilities criteria.

R AL R
[ 0oa ¥
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2.3.5.3 Treatment

1) The treatment facility shall be sited in an uncontaminated area to minimize the cost of
contaminated soil handling and not interfere with other FEMP remedial activities.

2) The treatment facility shall meet Radioactive Liquid Waste Facility criteria.

3) Boulders (= 1 foot diameter) and other debris cannot be treated in the system, They will be
segregated and disposed of as debris in other facilities (by others).

2.3.5.4 Clean Soil Storage

1) The Clean Soil Storage area shall be sited in an uncontaminated area. It will only require erosion
control.

2.3.5.5 Waste Handling

1) Waste packaging/storage and transport must be coordinated with the receiving facilities and meet
their acceptance criteria.

2) The waste handling areas shall meet Radioactive Solid Waste Facilities criteria.

2.4 Project Milestones

Table 2-1 presents the project milestones representing critical events which must occur in order for the
soil remediation project to achieve its objectives. Project milestones are based on schedule data contained
in the RI/FS and Remedial Action Schedule Report, CERCLA/RCRA Unit 5, Environmental Media,

dated September 27, 1993 (FERMCO 1993).
2.5 Project Schedule

Figure 2-4 presents a Summary Project Schedule. It is the basis for development of the CDR cost
estimate.
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Table 2-1 - Soil Remediation Project Milestones

Project Activity Milestone Date
Start CDR September 21, 1992(A)
Start DCR January 6, 1994
Issue Final CDR March 3, 1994
rrIssue-Fixia!‘-DCR' : ) ' ‘ ' A ~ November 2; 1994
Start Title I/II Design November 3, 1994
Start Remedial Design (RD) Work Plan March 13, 1995
Start Remedial Action (RA) Work Plan April 10, 1995
Submit RA Work Plan to US EPA October 3, 1995
US EPA Approve RA Work Plan / November 2, 1995
DOE Implement RA Work Plan November 2, 1995
Submit RD Work Plan to US EPA January 4, 1996
US EPA Approve RD Work Plan March 8, 1996
DOE Implement RD Work Plan _ March 8, 1996
Issue CFC Design ' November 25, 1996
Award Contract March 20, 1997
Subcontractor Start Mobilization March 21, 1997
Start Operations/Remediation June 29, 1998
Remediation Complete August 28, 2019

(A) = Actual Date

ERAFSI\VOL1:RSAPPS\RSDATA\
OU-5\PO-81\POS1CDR.V1 2-17 11/08 10:44am, Rev. No.: A

&



i
— :
i i IH
lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll aj H
, b
llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll !
............ =
3
P T T T e EJeppSp SN | U o
= S
L2 T e P
.................. 4
e e e e R e PR SR Y IR R R R TP g
P
L R UNRIPIDIDN IR IPIPIDIPIPIY RDIPIDIDN DIDIDIPRPIPH (NRUDRIRRI PRSI | EONP 3
......... 1
s L e T R B R ek | PR
=
R
m lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll Ll
£ PN PNPIPIPN RPN NP B P [ S J
! R ok R B et L r I S I
I~
S
L3]GS PUSUDR SR AU S RSP G [P S S S S g g
|||||||||||||||||||||||||||||| R T T T I I el - = m w w w m m w w = - —
=
T S O 2%
S — ]
13 Y] VU U m ||||| PRSI (SRS ISP SNSRI NS I SR Pm
=) 3 = I
= =] =}
-
! S 1= RN R | S | o=V
[=] [ 3]
afF ~ -, e == a----- el e il e g MIIII lllllllllllllllll mm..t
F4 P I~ -0 U Vw3
4] . [-% O lp= [=}
£ (USSR S | [ S R QT U g L R L T g
=z & =z = ¥ a
w - WI DO o2 S m b
llllllllllllll S'lll M| ‘lls - - -°|| '.||II|—mlllllllll"llll|lll||l un
wl w w <
R S R {— S W oo o] B} I SN | A=
9 g °"0"0 — - - S SR R R b ity nZz
D » a - - [ = — %) w2
pedd w o Lo - c_ _ St o) — AN AR ]
N BT TET TP S e & - —ofo-U- - ---- G- ==-- S--mmmmr e - N
=3 a z G - & Z = e
[ ]
rl llllllllllllllll "ay = = |°GI0I PR VRN e - = = - - > -« . m - = - . = = — - - - - - = = -~ — =
(Ty) Q = [ ) =) (%) (=4
o i = wn - =] 4 u
iy e c e e - m———----—-- O- - - -l = = = = [ PSS | o o [ T o Y
= =] [=K3 [=] — Q- =] o
- = 0|0 [Te][Te][Ts] Tla <|w [T=][T"] r~ir~ ~olm| o (oo,
-6 || o [eal[=4) oo Qi [=a][=A] DD | e
g= Z|Zix T | | al| >|> IR i =iaic! [Z) |o1e
== <)< [ZNE=) | [=1[=] [=]1=} 1)<t a|a|a N 1212
e el ler ! - 4 olo|Z Z|x =z Z|Z X il <|=<
w <{w|D MmN m|m VLY reilve] ==} ool |V oo
QYGLY 31131 eyl |y leujeu
-l 5
PN nlin ool il iy i< gt ol ~Insles ~|mim H
e <5114 i ol | aan o Dl oo i
T=< @i [ed]=dl=4 > |oja 44 >|= >> cl@|> TIZ|Z -
= | <|a.ja o |wla <l ol ol < <l a SiS Lo
i =Z|x X |L|L Z! |l 219 ZIZ 2|2 ZIX(Z =<| |5 s
mim Dlole | i 7117+ mm G0 Palbal 3] gl . =
- - |y Y |y GYGY T ¥
€3 g
EEE
z z EeE
= < — ZZAE
= ] @ 35i7
«|_|& «|_|& < ERY S
aiz oz —
[PV IR=4P- 4 Wil =t [ == z v :
| J! 1. e o |= 18 1S
wniaio na|o (=] Q o< X _Il i | n
=2 = = = [t = — m - [aet oy w N
4 x =4 [~ [= 4 b wi | = - ZIZ|w <
[=11=4]=] O =t (= (G (< (W [ | ~Nlw [=lI=1
—Z|— S| = Z=Oa] = lu| [=f |w [ Ll ] — g
< = ] << = w w) | Qo — [+ 4] aQ [ Lt P
| J2Z| ol«<JlZ]” a (=) [=] —ir=l <l (E| |Z|<i<|&
— O | Ol b= | QL | =X | =L |l [} - [} - Z| - - -0 [=] —t |t} T
wn| &> I > OI~tZl = nig 10l —olalc 2
x|a. [=] x|Q. Q = [ P-4 @ —t =i 0 = wnjwijuwi -
@ jwidt | jwi] 1S (6] 9] 1) lua i - 1 ' wlXIE meaaa
Olxi>a _|S|xizial (= |O =~ |& |wlwivn b Q o —f || R0RT
Z/ = Z21%3 =52 I - Ol 2| 2| |z31S1zl3 =44 sgks &
= < @l << al=<| |=iccidl |(<|@| - = | = SINNZ sp e =
=9 = K E Qe = l=11 xTio|< [y domy Z - =B =11 e =) 8T8 A
- i |ajp=lTi” =l | <iO|Z] [<OjZ! [ [WiwiZ] [e=atie=ir—-t |22 Z - <
—— mAnN walizz| (Al = e =N el IXNO] (i) (SIS -
>0 it winlwia! jwl (wlwle] |ujudu) (el =l D D1D] el 5 g
fas o] «<|XiC|C <|X [ad]ad [aale [« |- [sap-4lsdi-4 [t Lot Lt K] PR toy -
unge < Oidiwialwo|<lwlaliul |ai<iw| |ldidlwl jwisiw] (Slalol b=ioh=ie— |(a|jaiaio SV 1
oS xz|a ) D|w| J =la i Diw| J a3 ai> Jais olwic NN rj@ioc|w Souy ©
< win G |(winl G| |@w|o (Ejwin]  peiunl (O ZIOZiZ| wiwiwlx Le%L &
U olcinln Il cinnlZE| (Slcln] (Sl I=acin| |[cjoix] 101200 |a|aiaiw sZss -
=] Q|| Db Qo] Dyl |O]Q |t " |DlAje=i  |=]0 ) Q=) |OlN(OI0]  |Ofc|olaT adxs&
Figure 2-4 - Summary Project Schedule
ERAFSI\VOL1:RSAPPS\RSDATA\

OU5\PG-51\POSICDR. V1 2-18 11/08 10:44am, Rev. No.: A




6376 4

SECTION 3

PROJECT COST AND FUNDING STRATEGY
This section presents the costs for project design, construction, operation,'ana closure/post-closure.
3.1 Summary Estimate

The summary estimate will present the total estimated cost for the project, including:

1) Engineering studies

2) Design :
3) Construction : )
4) Operation K
5) Closure/Post-Closure

6) Contingency

7 Escalation

The level of detail (accuracy) for the cost estimate will be +30 to -_50 percént;
3.2 Fuhding Strategy

This subsection will be completed by FERMCO.

3.3 | Engineering Design Cost

This subsection will include a discussion of the engineering efforts required for implementing the project.
Engineering design costs include preparation of the following deliverables:

1) CDR )
2) Engineering studies (i.e., SCQS, SRSS, TER)
3) DCR

4) Title I/II design
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3.4 Reconciliation

This subsection will address soil remediation-related projects which have previously been performed and
need to be redone to address new scope or conditions. This subsection may also include an explanation

of any unusual project costs.
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SECTION 4

RELATED PROJECT TASKS, SCHEDULES, AND COSTS

This section discusses any additional engineering studies required for the soil remediation project and
provides estimated costs by fiscal years for these efforts.

4.1 Engmeermg Development Studies and Related Tasks with Schedule
o and Costs

Five preliminary engineering studies are being prepared in support of the CDR. The following
subsections describe the scope, schedule, and cost of each preliminary engineering study:

4.1.1 Soil Characterization and Quantification Study

While the primary contaminant of interest is uranium, FEMP soils have been found to contain numerous
other contaminants, including other radionuclides, heavy metals, and organics. Different contaminated
soils may require different treatment technologies and/or treatment system operating conditions. In order
to optimize design of the soil treatment system, the volumes of soils containing different contaminants
must be known. OU-5 Remedial Investigation/Feasibility Study soil sampling program data collected
from the FEMP areas was analyzed. In addition, soil sampling data from other FEMP activities such as
removal actions, maintenance activities, Removal Site Evaluations, and general environmental monitoring
made available by FERMCO was analyzed. No new soil sampling/data collection was performed for this
study. Geotechnical soil data was not included in the soil study. The Environmental Resource
Management Analysis/Geologic Information System (ERMA/GIS) was used to generate plan maps
shbwing the estimated locations and magnitude of contamination in surface soils. Additionally, limited
elevational sections were developed for areas of deeper contamination.

The Enhanced Cost Study for Soil Remediation at the FEMP, dated September 30, 1992, developed an
estimate of the total quantity of FEMP soils requiring remediation. The estimated soil quantities
containing differing types of contaminants were refined using the ERMA/GIS-generated maps. Estimates
of the contaminated soil volumes for each OU were developed. These OU-specific volumes were used
during the SRSS and as part of the technical basis for this CDR.

The SCQS was started on March 8, 1993, and is scheduled to be completed on January 21, 1994. The
total cost of the SCQS will be provided in subsequent submittals of this CDR. sl
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4.1.2 Soil Remediation Schedule Study

Current OU remediation schedules and plans were analyzed to determine their impact on current CRU-5
soil remediation schedules and plans. The FERMCO Integrated Site Master Schedule, dated July 19,
1993, was used as the basis for OU remediation schedules. Representatives of each CRU provided
contaminated soil volume estimates for each OU. The results of the SCQS, the FERMCO CRUS’
contaminated soil volume estimates, and current OU remediation schedules were used to prepare an
integrated soil remediation strategy. A recommended soil remediation schedule and plan, consistent with
the OUs’ remediation plans, was developed to better define the material (soil) flow requirements. The
recommended soil remediation strategy was used as part of the technical basis for this CDR.

The SRSS was started on August 2, 1993, and is scheduled to be completed on January 21, 1994. The
total cost of the SRSS will be provided in subsequent submittals of this CDR.

4.1.3 Technical Evaluation

DOE Order 4700.1 requires that project scoping studies and technical alternative evaluations be
performed prior to entering the design phase of a project. The Technical Evaluation Report (TER)
summarized why the Trearability Study Work Plan For Operable Unit 5 Soil Washing (DOE 1993a)
identified soil washing as a viable treatment technology for soil remediation. In addition, the preliminary
results of the three soil treatability studies (Minimum Additive Waste Stabilization [MAWS], ID, and OU-
5) were integrated into an optimized soil washing process for full-scale operation which will be part of
the technical basis for this CDR. ' :

The TER also included an evaluation of whether the soil washing system should be a central facility, one
or more portable systems, or a combination of both. The TER also evaluated project siting alternatives
based on traffic staging, material handling, and site utility considerations, among others. It was assumed
that remediated soils will be reused on site. A brief soil remediation literature review has shown that in
soils with a high clay content (e.g., FEMP soils), the "clean" soil fraction is primarily silt because most
of the contaminants reside with the clay portion. The resulting "clean” soil is so silty that its use is
limited. Therefore, the TER examined uses for the "clean” soil fraction after treatment.

The TER was based on preliminary data gehcrated by the following soil treatability studies:

1 OU-5 Soil Washing Treatability Study being performed by FERMCO CRU-5 and International
Technology Corporation

2) DOE-FEMP ID Program Soil Treatability .Study being performed by Oak Ridge National
Laboratory
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3) OU-1 MAWS Program Soil Washing Treatability Study being performed by Lockheed
Environmental Systems and Technology

The TER was started on March 8, 1993, and is scheduled to be completed on January 21, 1994. The
total cost of the TER will be included in subsequent submittals of this CDR.

4.1.4 Sa_fet\LAssessment

A Safety Assessment (SA) will be prepared in accordance- with the new FERMCO~Safety Analysis
Department procedures. The SA will be a brief, cancise document that will identify the nature of any
hazards associated with the project. The conclusions of the SA will be used to determine the scope of
any additional safety analysis work, if required. As a result of the SA, one of the following three
conditions. will be met: :

1) The project has only standard industrial hazards and no additional safety analysis will be required.

2) Non-standard hazards will be present and the quantity of radioactive material will exceed the
limits in DOE-STD-1027-92 and a DOE approved Safety Analysis Report (SAR) will be required.

3 Non-standard hazards will be present and the limits are not exceeded thereby requiring a
- FERMCO approved Auditable Safety Record instead of a SAR.

The SA was started on July 6, 1993, and is scheduled to be completed on February 28, 1994. The total
cost of the SA will be included in subsequent submittals of this CDR.

4.1.5 Material Handling Plan

A Material Handling Plan will be prepared as part of this CDR. The plan will be based upon the results
of the SCQS, the SRSS, the TER, and the following considerations:

1) Feed requirements of the soil washing system

2) Stockpile capacities (contaminated and clean soil stockpiles)
3) Size and shape of the areas to be excavated

4) OU remediation schedules (i.e., the OU-3 D&D schedule)
S) Production rates of the excavation equipment to be employed
6) Decontamination requirements of mobile equipment'

7 Soil types excavated
8) Stormwater runoff control in active excavations
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The plan will provide effective planning and scheduling of the excavation of each OU, and optimize the
size and make-up of the material handling equipment fleet. The plan will provide the following
documents which will be included in this CDR:

1) Material flow diagrams

2) Typical excavation cross sections illustrating soil excavation, soil placement, and stormwater run-
off control measures

3) A CDR section detailing the requirements of soil excavation, soil placement, and containerizing
and handling of soil residues

The Material Handling Plan was started on November 1, 1993, and is scheduled to be completed on
January 21, 1994. The cost of the material handling plan is included in the total cost of the CDR.
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SECTION 5

QUALITY ASSURANCE

A Project Quality Assurance Program (PQAP) Plan and its measures will be implemented during design,
procurement, and construction of the soil remediation project.

5.1 Proiect Quality Assurance Program Plan.

“The PQAP Plan establishes the quality requirements for Title I, II, and III work performed, and shall be
in conformance with the requirements of DOE Order 5700.6C, Quality Assurance. A quality assurance
standard which meets the majority of the requirements of the order for the development and
implementation of quality assurance programs is American National Standards Institute/ASME NQA-1,
Quality Assurance Program Requirements for Nuclear Facilities. '

5.2 Quality Classifications

The soil remediation project will use a "graded” Quality Level (QL) for all design, procurcment, and
construction activities. These levels are related to the importance of safety, environmental impact, laws
and regulations, DOE orders, project mission/goals, program schedules and commitments, and potential
cost impact of failures. The determination of QLs is established in a Risk Assessment and Management

System documented by the FEMP in site policies and procedures and will be implemented by -

subcontractors as directed by the FEMP.
5.3 Plan Implemenfation

Documented project procedures will be established to ensure that activities are conducted in an organized,
systematic, and consistent manner, that procedures are used, and that program orientation and training
is conducted. Procedures shall be developed for activities affecting quality. These procedures provide
mandatory requirements for accomplishing project work. The Project and Site Quality Assurance
Organizations verify and assess, as applicable, that requirements are met by reviewing, conducting
surveillances, auditing, inspecting, and documenting whether items, processes, or services meet specified
requirements. Quality Assurance Procedures will be developed to provide the requirements for activities
of the Quality Assurance Organizations.
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5.4 Exceptions

No exceptions to governing codes and standards are currently expected to be required on this project.
The DCR phase of project development will also consider this issue.

Consistent with DOE-Fernald Field Office Letter DOE-0895-93, dated February 23, 1993, further
consideration of applicable exceptions will be addressed as the CDR proceeds from SO percent complete

to 90 percent complete.
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SECTION 6

SAFETY, ENVIRONMENT, AND ENERGY CONSIDERATIONS

This section identifies and discusses the hazards, safety standards, environmental protection systems,
consequences to the environment, and energy requirements related to the design, construction, and
operation of the soil remediation project.

6.1 Safety Assessment

This section will summarize the results of the SA being prepared, state the facility hazard classification,
and identify whether or not a detailed safety Analysis Report will be required during Title I/II design.
This section will be completed in subsequent submittals of this CDR.

6.2 Environmental Considerations

The soil remediation project will require National Environmental Policy Act documentation to assess
whether the facility will cause any significant environmental impacts.

The soil remediation project will be located in a previously-undeveloped area of the FEMP site as shown
in Figure 1-2. A review of FEMP historical records indicates this area was not previously used for
process operations.

While the ACA does not specifically identify FEMP-wide soil remediation as a removal action, it does
require that the DOE cleanup releases and threatened releases of hazardous substances from the FEMP.
The soil remediation project will be designed, constructed, and operated in accordance with applicable
Federal, State, and local environmental rules and regulations. ARARs have been identified and are
included in Volume II, Appendix B.

The soil remediation project will process soil contaminated with both radiological and hazardous wastes.
The soil remediation process will generate radiological and hazardous wastes in the form of the
contaminated soil fraction remaining after treatment, the concentrated contaminant residue, and process
wastewater. The radiological and hazardous wastes treated and generated by the soil remediation project
will be managed in accordance with applicable Federal, State, and local rules and regulations.

The following subsection discusses some of the applicable Federal and State environmental rules and
regulations regarding radiological and hazardous contaminants in soil.
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6.2.1 Fedironmental Requiations for Contaminated Soil
6.2.1.1 Haztaminants

The proposed rule Zonservation and Recovery Act (RCRA) Land Disposal
Restrictions (LDRs) 40 CFR 268 et al) intends to treat soil with hazardous waste
under the "contained’3); similar to the one that was finalized for hazardous debris
(see 57 FR 37225 fdlowing paragraphs present a more detailed analysis of this
development.

[ T

The codification of 1wciple applied to both media and non-media debris. The
"contained-in" policyl in 40 CFR 268.45(c) and states the following:

; Hazardous ded using one of the specified extraction or destruction
; technologiesction and that does not exhibit a characteristic of
i hazardous wbpart C, part 261, of this chapier after treatment is
not a hazardit be managed in a subtitle C facility. Hazardous
debris contamste that is treated by an immobilization technology
specified in ‘waste and must be managed in a subtitle C facility.

It is envisioned that 1ill apply to contaminated soil.

This determination fdves a case-by-case examination by the US EPA, made upon
request, that debris dus waste at significant levels, taking into consideration such
factors as site hydrolare pathways, but excluding management practices. Material
meeting the requiremsed without further treatment.

Currently, soil is ms waste even when the hazardous waste component or
characteristic is reme "mixture rule” (40 CFR 261.3(c)(2))" and "derived from
rule” (40 CFR 261(However, proposed mixture and derived from rules may
establish de minimisry concern) levels of hazardous waste. This would be
consistent with the "omulgated with the debris LDR rule discussed above.

' Hazardous waste cail by many different technologies; including incineration,
‘ : , chemical extraction, wctants. The effectiveness of these technologies is dependent
| o - " upon the soil type.

Current characterizatS a minimal amount of soil at the FEMP contains hazardous
waste. Table 6-1 pre concern for contaminated soil. The constituents of concern
were chosen from thde Characterization Report (DOE 1993). Constituents were
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6376 4,

chosen based upon their prevalence in the site soil and the toxicity of the particular constituent. The table
also contains action levels for these constituents based on a recreational land use scenario. The action
levels were taken from the preliminary remediation goals presented in the Site-Wide Characterization
Report (DOE 1993).

6.2.1.2 Radiological Contaminants

The proposed rule for contaminated soil (40 CFR 268 et al) only vaguely addressed the remediation of
soil containing radiological contaminants. Radiological contamination in media is better addressed in the
proposed rule for 10 CFR 834 - Radiation Protection of the Public and the Environment, the codification
of DOE Order 5400.5. Since this is a proposed rule, it should be considered as a TBC requirement.
However, it is scheduled to be finalized in January 1994 per the DOE’s most recent regulatory agenda.
While, as a DOE order, the requirements were also TBCs, the proposed rule status means that it is very
probable that these requirements will become future ARARS.

The proposed rule for 10 CFR 834, Radiation Protection of the Public and the Environment (58 FR
16268), recommends an authorized limit for depleted uranium in soil. Uranium is the predominant
contaminant in soil at the FEMP. It has been proposed that the average soil concentrations over any 10
meter by 10 meter area should not exceed 35 pCi/g (that is, 35 picocuries of depleted uranium per gram
of soil); and 100 pCi/g should not be exceeded over any 1 square meter area (58 FR 16276).

Forty-seven sites, remediated under the DOE Formerly Utili'zed Sites Remedial Action Program, were
evaluated that utilized this clean-up level. The average maximum potential dose from post-remedial
action use of the subject properties was less than 1 mrem per year (which is less than 0.3 percent of the
typical background dose received by someone living in the United States). These limits were developed
utilizing the RESRAD computer code and guidance manual (DOE/CH/8901, June 1989), as well as the
ALARA principles.

This rule would also adopt the radium criteria that are already provided in 40 CFR 192. These limits
for radium-226 and radium-228 are less than 5 pCi/g in the first 15 cm of the surface layer and 15 pCi/g
in any subsequent 15 cm subsurface layer.

Radiological contaminants are typically removed from soil by chemical extraction, physical separation,
or a combination of these two processes. The removal efficiency of these processes is highly dependent
upon the type of soil.

P
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Table 6-1 - C_onstituems of Concern for FEMP Soils

Constituents of Concern

Action Level

Radionuclides

Lead-210 155 pCil/g
Radium-226 3.8 pCi/g
Radium-228 7.7 pCilg
Thorium-228 4 pCi/g
Thorium-230 1,520 pCi/g
Thorium-232 305 pCi/g
Uranium (depleted) 35 pCi/g
Chemicals

Antimony 1,050 ug/g
Arsenic 780 ug/g
Beryllium 16 ug/g
Lead 1,800 ug/g
Mercury 780 ug/g
Aroclor-1254 18 ug/g
Aroclor-1260 18 ugl/g
Benzene 4.800 ug/g
Benzo(a)pyrene 24 uglg
DDT 400 ug/g
Tetrachloroethene 2,700 ugl/g

6.2.1.3 Petroleum Contaminants

In September and October of 1990, ten underground storage tanks (USTs), which previously contained
petroleum products, were excavated at the FEMP. The contaminants identified included benzene,
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toluene, ethylbenzene, xylene (BTEX compounds), lead, and total petroleum hydrocarbons (TPH). This
action generated approximately 3,000 cubic yards of petroleum contaminated soil. An additional 1,140
cubic yards of petroleum contaminated soil was excavated from September through November 1991.

These excavation activities did not remove all known petroleum contaminated soil at the FEMP. In
several cases, contaminated soil was traced underneath buildings; which could not be removed without
jeopardizing the integrity of the buildings’ foundations. It was determined that these soils would be
removed at a later date (e.g., when the buildings are dismantled).

Ohio EPA’s policy on petroleum contaminated soil provides "clean” levels for the BTEX compounds in
soil. The policy (Ohio EPA 1991) also states that the contaminated soil may be considered a solid waste
under Ohio law. This determination, which is made on a case-by-case basis, is required to determine
whether or not to manage the soil as a non-regulated material. The Ohio State Fire Marshall is
responsible for supervising the remediation of petroleum contamination from leading USTs. The
concentration limits and analytical methods for petroleum contaminants are presented in Table 6-2.

Table 6-2 - Concentration Limits and Analytical Methods for Petroleum Contaminants

Contaminant | Concentration Limit Analytical Method
Benzene 0.006 ppm SW846, method 8240
Toluene | 4.0 ppm SW846, method 8240
Ethylbenzene 6.0 ppm SW846, method 8240
Xylene 28.0 ppm SW846, method 8240
TPH . 40 ppm Method 418.1 from EPA-600/4-79-0207 for survey
analysis and SW846-9071 for final analysis

- Petroleum contamination is typically removed by in-situ processes, such as bioremediation, pump and
treat, or soil vapor extraction. Ex-situ processes such as thermal desorption and soil washing using
surfactant solutions may also be used. The wash water from the soil washing process would then require
treatment by carbon adsorption. Ex-situ treatment is the most probable because the soil will require
excavation to allow for removal of the radiological contaminants.

6.2.1.4 - Polychlorinated Biphenyl Contaminants

Polychlorinated Biphenyls (PCBs), which are regulated by the Toxic Substances Control Act, are not
predominant contaminants in soil at the FEMP. However, PCB concentrations have been detected up to
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8.6 ug/g. The only two aroclors identified in soil at the FEMP are aroclor-1254 and aroclor-1260. The
upper 95 percent confidence interval on the mean for aroclor-1254 is 1.1 ug/g and 2.8 ug/g for aroclor-
1260.

The Sirewide CERCLA Quality Assurance Project Plan (WEMCO 1992) currently requires that DOE
remove and containerize all soil that is discovered to contain more than 2 parts per million (ppm) of any
of the aroclors. Currently, there is a only a minimal amount of this material at the FEMP.

PCBs are typically removed from soil by bioremediation, solvent extraction, thermal desorption, and soil
washing. As stated above, ex-situ will most likely be done because the soil will be excavated to facilitate
treatment of the radiological contaminants.

The remediation of a site with PCBs depends upon the intended future use of that site. If the site is to
be utilized as a residential area, the remediation level for PCBs would be 1 ppm. However, if the site
is to utilized for industrial purposes, remediation levels between 10 and 25 ppm would be considered (US
EPA 1990a).

6.3 Energy Considerations

Overall energy conservation measures will be implemented during the design of the soil remediation
project. Calculations of the estimated energy consumption will be included in Volume II of this CDR
in subsequent submittals.

Further analysis of the project to determine energy conservation features will be performed during Title
design in accordance with DOE Order 6430.1A.

:
K
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SECTION 1

SCOPES OF WORK

This section will include a narrative description of all activities and/or materials within each component
of the project WBS. These narrative descriptions will be combined with project drawings and outline
specifications to prepare a cost estimate for the soil remediation project.

This section is currently beihg déveloped and will be included in subsequent submittals of this CDR.
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SECTION 2 .

COST ESTIMATE DETAIL SHEETS
This section will include the following:

1) A guide to aid the reader in interpreting the cost estimate.

2) Detailed estimate sheets showing the construction and procurement costs -for the project.
3) A breakdown and explanation of the Systems Engineering costs.

4) A breakdown and explanation of the estimated Design Engineering costs.

5) A breakdown and explanation of the estimated Construction Management costs.

6) Data and assumptions used to develop the Life Cycle Cost estimate.

This section is being developed and will be included in subsequent submittals of this CDR.
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SECTION 3

DESIGN SUPPORTING DOCUMENTS

This section includes, or will include, the following:

1) Significant drawings prepared for the soil remediation project, including:
) PFDs - Preliminary PFDs are included-in this-section. - - i
2) Civil Site Plans are currently being prepared and will be included in subsequent

submittals of this CDR. '

2) Preliminary Materials and Equipment (M&E) lists. Final M&E lists will be included in
subsequent submittals of this CDR.

3) Outline specifications are currently being prepared and will be included in subsequent submittals
of this CDR.

4) Significant supporting calculations are currently being prepared and will be included in
subsequent submittals of this CDR.
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ValEn bs/he) | 546206 1544.9 56173.4|_%6173.4 66173.4 | 30230.6 | 302316 | 25941.8[_25941.8 | _76781.9| 4941.3_|_99752.4 15449 FDR/COR SOIL REMEDIATION CRU-5
: SODIUN_BICARBONATE __(lbs/he! 1249.2 1249.2 0.0 0.0 X 2.0| 0.0 6.0 CRUS/PO8)
: SOOIUM_CARBONATE bsshet | 1226.2 429.0 1655.1 _|_1248.1 1248.0 633.5 €335 | 6146 | 6146 614,6 Py
POTASSIUM_PERMANGNATE (1bs/hr! 100.0 1000 |~ _06.0 °.0 8.0 e8| o0 0.0 0.0 190.0 PROEESLS
SOOI HYDROYIOE tbe/het -
STEAH Ibs 7he) 1100.0 . PROCESS FLOW OIAGRAM
j. - CARBON DIOKICE e /i) ) . i LEACHING
F |oTi€n tiba/hed 186.5 306.8 | 3143.3 31834 | _1574.5 | 15735 | 1568.7 | 1568.7 5 1513.7 X l;“‘."l;m :f:“) TSN DEBIS I |Mr TN 1014
HASS FLOW Ubarhet | 942613 1249.2 14.9 129.0 976245 | 97624.5 1100.08| 966246 | 324396 | 32439.6 | 65184.8 | 65184.8 | 76751.9 | 42056.0 |101880,7 1644.9 . TR - v T
tgpar_ 146.8 154.8 155.5 1555 | 64.8 64.8 anl Al 157.3 201.5 3.3 ) NONE
%_SOLIDS (8Y VEIGHT) 35.8 344 33.8 33.8 0.0 6.0 0.0 50.6 750] _ 6.0 0.0 T TP e
OLIDS PARTCULATE SIZE 2.5 2.5 2.5 25 3.5 25 25
PECIFIC GRAVITY (SOL1DS? 2.5 1.2€8 1.264 1.254 1.000 1.000 1429 1,429 1.000 1.819] _1.608
i . SPECIFIC_GRAVITY SLURRY/WATER| 1.266 1,890 i e it oograrve Conthcics_puit
¥ TEMPERATURE tF) 84 60.8 68.9 68.9 66.0 104,09 1.8 250.0] 1n.e 1110 1118 1.9 1.8 68.9 81.0 81.9 69.0 - LTI “;tﬂ'"s'; e LU O]
URANIUM tng/hg) - wBS it
- 00-90701 (l%i"ﬁZlea A
) ] B 3 | ) [ [ 5 I s | 7 e VAU I
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o e e e e e e [ 4] [« |.£] 1£) 1¥] o v | FRECIPINATE TCKENER RS
,5 N R 2 PRECIPITATE THICKENER TRANSFER PUMP
3 [5kF-e2ie7 Q) gt J L s 1 PRECIPITATE BELT FILTER FEED TAMK
) G m’g&&%&’x“‘“‘ Y 1 PRECIPITATE BELT FILTER
g\ v [ FILTRATE Tark NO. 4
9] 7 Y v 1| FILTRATE Tk 0. S
A ‘:” v || FILTRATE Tam MO 6
— E] X 1 FILTRATE PUMP NO. 4
8 ] 1 FILTRATE PUrP NO, 5
! w z ) FILTRATE PUMP NO. 6
fj AR 1 PRECIPITATE THICKEMER S
) C e &> AB . 2 | PRECIPITATION THICKENER SUMP PUNP C
i @ ac 1| Me,£0, REGENERATION Tan AGITATOR
1
LEGENO
\ J et {&atern ) MAIN PROCESS LINE
! PROCESS WATER . STWmTSTTT— SECONDARY PROCESS LINE
- — N - ! @
i {taiea > <D ! REFER DWG MO, REFEREMNCE OWG TITLE
!; CARBON DIOXIOE Y SK-F -02187 SCREENING
j ! SK-F-02100 LEACHING
(<-F-ez1i0 — @ 0 o \ @_() P .
. rron CAUSTIC [ T T ) o210 REAGENT UNLOADING, STORAGE & SUPPLY
i DAY TANK CONTAMINATED CAKE
; 10 TREATHENT/DISPOSAL
} SX-F-02188 o
FROM LEACH -
g [ FROn LEAC STREAM NO. 84 L) D
i ] R WATER| CAUSTIC
1§ SX-F-02108 Q COMPOrENT T0 0.D. | 70 PREC)
i SCREEN | Tanx =)
:z ;maacu \ ’ <sa éz : OPEAATING TIME (he s/ dog) 24 24
| . <> ol 1@ [soL105 _oAn oarhet
: ] . E] HOISTURE (b /b’
) E] 61 WATER (bs/he) | 65516.0 )
| ; SODIUM_BICARBONATE _ (Ibs/he) 8.0
| : 1 . ] . [SO01UM_CARBONATE (be/bet | 14215 NOT FOR CONSTRUCTION
i ] POTASSIUN PERAMANGNATE (lbs/het| 0.0 |—
| @ E] SODIUN HYDROXIDE ___ Slba/hel ~ ¥ 8047
i E] STEAN 1
i I ba/he
1 , Y et CARBON_DIOXIDE Ibs/tw “
) Y OTHER bs/he X
; ( 9___
1 [E E MASS FLOW be/he) | 66940.9 8047
R tgpe) [T 13337 it
; E] ) % _SOLIDS (BY WEIGHTY 0.0 0.0 a | 15SUED FOR SOX REVIEV
i - SOLIDS PARTCULATE SIZE R T
i € — J SPECIFIC_GRAVITY (50t IDST e SR 08 M usom AU - WAt wa oeit £
; ) 'SPECIFIC_CRAVITY SLURRY/WATER| 1,000 | 1529
{ - TEHPERATLAE ) 8.0 68.0 UNITED STATES
l' URANIUM tmg/hgl
! DEPARTMENT OF ENERGY
It STREAM NO. 21 23 40 4S 6| 62 63 64 65 €6 67 68 69 70 n ' 72 7 | s 76 r7 18 79 80 (81 82 93 || FERNALD ENVIRONMENTAL MANAGEMENT PROJECT
P SUWP | FLOC | LEACH | BELT PREC PREC | €02 10 | REGEN | TRICKENR| THICKENR| THICKENR| HOLD TK| CLN WIRTNT CAKE[BLY FLTRI BELT BELT |WST WATRIWST VATH CLEAN | MEDIA | RECYCLE| RECYCLE| PR H-0 | -ORAY | KHaO4 | RECTCLE N3 CRaw SRCPARID B
COMPOHENT 10 woLO| YO PRE FILTA 10| TX *1 TO|TK 2 TO} REGEN | 1A« TO[OVERFLOW SUMP TOIUNDRFLOW] 10 BELT| TO PREC| 10 DISP/|T0 waste] FLYR «1f FLIR *2] 10 MEDIA| 1O RCYCL] WATER | FiLtERs| STORACE|BLEED 10]10 kMAO4{kmOt 1O  TO  |wATER YO\ PARSONS
. Tar | IHICKENR| TO PREC,| PRECIP |PR TK 2| SumMp TAK | INICKENR] 10 Sumw w noLt{ 10 F 1eD] FILTER [BLY FLTRIIREATHNT| wATER | RECYCLE| RECYCLE| FitEns| SYORAGE| makewp |BackwaSid 01SCHARG] ~awwr _|wix tarscmin Tank|par Tan| p, vasie
{ __| orEratingG Ti€ U o/doy) 24 24 24 24 24 24 24 24 24 24 24 %) 24 24 24 24 24 24 24 20N Y 24 24 THE RALPH M. PARSONS CO. - CHAS. T. NAN, 8iC. + EHCINEERING - SCENCE, INC.
i SOLIDS _ WRYY (iba/hel 2.0 2.0 0.0 0.9 0.0 [X) 2.0 - 0.2 0.0| INTERNAL | INTERNAL 8| 0.0 | INTERMITINTERRIT 6.0 X CINCINNATI, OHIO -
} MOTSTURE b /he 0.0 0.0 0.0 [X) X [X) 8| 4076.9 0.0 0.0 .0 X 2.0 X - OXCT e
! WATER bs/he) | 41196.3 30231.6_99752.¢ | 129994.0 |i29984.0 130013.9 | 126985.2 | 126985.2 | 3020.6 | 3026.6 698.9| 6406.6 174588.1 | 174588.1 1745881 | 813761 | 15449 1544.9] 276928 FRO/CDR SOIL REMEDIATION CRU-5
SCOIU_BICARBONATE _ (Ibs/he) X 0.0 2.0 2.0 0.0 [X] 8.0 (X Y 2.9 0.0 0.0 6.0 [X) 0.0 0.0 CRUS/POSI
'S00ILN_ CARBONATE bs/hv) | 729.9 €335 | 6146 | 26299 | 28299 3003.8 | 29351_| 2935.1 6.7 68.7 8.7 3796.7_ | 3796.7 3796.7_| 1775.0 - 600.3 pra—
POTASSILM PERMANGNATE (lba/he) 0.9 0.0 0.0 2.0 0.8 [X] 00| 8.0 0.8 0.0 0.0 0.0 0.0 0.0 190.0 100.0 | 0.0 PROCESS
v SO0ILN HYDROXIOE __ i1bs/hrt 131.3 1913 0.0 0.0 2.6 0.0 2.0 ) 0.0 8.0 [X] 0.9 - 0.0
i SiEAn e PROCESS cFl'Flol‘zn%LAGRAM
CERECH_DIOXIDE Tbe/he 82 144.4 122 | T3FE | T T T 968 | 4968 96.9 244 PRE
f | onER 1be /b 136.9 s 2101.9 21019 | aeed | 4607 [Ti6anz | i16ar2 160.8 18.3 3814 | 3614 3814 = 961 Tl:v's'm :“f:,_“ LGN IOT ) T (0 e 0150 g W p
HASS FLOW Iba/he) |__42200.1 .6] 101850 135047.1 1444 |135191.8_ |130453.2 |30453.2 | T4778.5 | 4738.5_| ¢076.9_| 2329.7 | 6485.8 176863.0 {178863.0 178863.9 1300 | _i6sa9 zsuz 8l A rer e 7T —
. igpm [Y¥] 648 | 2035 2658 | 2608 2704 2606 | _260.8 7. 7.5 8.1 7 3.8 357.3 357.3 357.3 - 33 NONE
| . 4_SOL1US (BY WEIGHT) [X] - 0.0 0.0 0.0 0.0 0.8 6.0 9.8 359 350, 70.8] 08 0.0 2.0 0.9 T ) 0_0 UL U S LSS —
i OLI0S_PARTCLATE SIZE " -
i PECIFIC_GRAVITY (SOLIDS! 25 2.5 2.5 2.5 1.000 1.000 1.266 1.266 1.000|__1.000
PECIFIC GRAVIIY SLURRY/VATER| _ 1.000 1,600 1.009 1.000_| 1.080 1.008 1.008 1,800 | 1.000 1.000 1.000 i B i 1,800 |l ,, purt srire ccmctos g
X TEMPERATURE ) 1.8 81.8 £8.9 84.0 84.0 9.0 98.9 9.0 990.0 66.0 78.0 78.0 89.0 89.0 89.0 89.0 68.0 68.0 608.0 849.0|| W PRITTRY “;W"MS;; Ly 1o ol A
URANIUM (ng/kg) 5 " H
| = — 00-90701 SK-F-02109 A
| ! L 2 S I « I s l ; T T="ovboee  °
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: 3 . . A » . MAJOR EQUIPMENT LIST
= | ‘ : R A | o1y EOUIPMENT NAME
z B @ - - a 1| SOOIUM_BICARBONATE BIN VENT FILTER
2 E] 8 2 SOOIUM BICARBONATE SILO B
@ [3 | | SOOIUM BICARBONATE BLOV POTA0AD CELLS
2 - ] [ 1 | SOOILM CARBONATE BIN VENT FILTER
& GJ 3 2 | so0ImM CARBORATE SILO
5 3 I | SOOIUM CARBONATE BLOW POT/LOAD CELLS
n - ] [ 2 | cAUSTIC SODA SUPPLY PUMP
91 " | | CAUSTIC SOOA STORAGE TanK
-] 3 2 | CAUSTIC 5004 I 0ADING PUr®
: = i X 1| causTic s00a DAY Tarx
‘, § L [ CAUSTIC SODA DAY TANK AGITATOR
il ) | " 2 | cassTIC S00A METERING Pure
: COMPRESSED AIR COMPRESSED AIR @ COMPRESSED AIF N 1| POTASSIUM PERMANGENATE BIN VENT FILTER
! ¢ ® 0 | 1 | POTasSiuM PERMAMGERATE SILO
‘ P 1| POTASSILM PERMANGENATE BLOW POT/LOAD CELLS
‘ [ E]
i LEGEND
i MAIN PROCESS LINE
f
: SECONDARY PROCESS LINE
: - & &
3 D P REFER DWG MOL REFERENCE OVG TITLE
3 PERMANCENATE -Fe )
+ MIX TANK SK-F-02108 LEACHING
'{ SK-F-02109 PRECIPITATION
"f
] &
1 PROCESS WATER
i D
1
y
¢
: i | PRELIMINARY
:
!, . NOT FOR CONSTRUCTION
{ 10_S00IUM 3|
; BICARBONATE DAY
1 TaHK '
; (Ex-F-62108 }
i ChRBORATE paY
i crng : A | ISSUED FOR 0% REVIEW
’ :SK-F-BNOQ Jq'e\ [E] ' o S OF AW ARPOI - DI ION x| cvan
H 1 10 PRECIPITATION Miat %0 0alt
i , UNITED STATES
ot STREAM NO 81 [ 2 9 a4 as % 97 98 E DEPARTMENT OF ENERGY
b DAY | NoHCO3 | NaHCOJ | No2C0D | Na2C03 | CAUSTIC| CAUSTIC| CL-N 20| CAUSTIC FERNALD ENVIRONMENTAL MANAGEMENY PROJECT
COMPONENT KMn04 TOlUNL'D TO| TO DAy | UNLOAD | TO DAY |unL'D 10|10 MAKE-|TO caust| TO PREC . i O PP D 87
MIk Tar| STORAGE} Tank | T0 SI0| Tank | STORAGE| up Tarix| MakEuP | Tanxs : PARSONS
i OPERATING TITE G a/deg! 80 180 180 T60 T80 T80
SOLIDS__IDRYV) __ tlbs/hr) THE RALPH M. PARSONS CO. - CHAS. T. MAN, INC. = ENGHEERING-SCENCE, INC. |
Tl =OISTURE Tibs/he CINCINNAT!, OHIO .
wATER lba/he) PROACT mand
SODIUM BICARBONATE __(1bs/hrt FRD/CDR SOIL REMEDIATION CRU-5
5001 _CARBONATE (Ibe/het CRUS/PO8I
POTASSIUM PERMANGNATE llbs/he) 100.8 [y
SODILd HYDROXIDE s /he) 1025.8 8047 : PROCESS
- Cone TGETE s : REACEN] U DRONNG 1A 5. SLPPLY
l/ ONER (lbs/hr) s LA BT L)LY TEIAD, THOID 3T Laig LTI W L2214
f - J.LavSN 80-3-4] I
HASS FLOW bs/ne! | _100.0 36250 804.7 , el — - ——
{gpm! 3.9 1t ‘ 180 HONE
% SOLIDS BY VEICHTI . T O ERN TR
SOLIDS PARTCWATE SITE
SPECIFIC_GRAVITY (SOLIDS) 1529 1529
SPECIFIC CRAVIIY SLURRY/VATER af e OYRIIG LRI pary
TEMPERATURE F) 68.0 668.9 _ 60.8 » oo PRSRTT R, :;S..milllé; it R TRV D]
LRani talka) ' : 00-90701 SK-F-02110 A
| I 2 3 1 4 [ 5 [ 6 I 7 [ et 0 GO 667 8
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PARSONS
ERA PROJECT

MATERIAL AND EQUIPMENT LIST

>-9LEI

CRU-5 PO-81 Subject: SCREENING
Date: November 8, 1993 Project Title: FRD/CDR Soil Remediation CRU-5
Discipline: .
20 Tons/Hr
Mark Sketch No. Qty. Equipment Name Description Est. HP
A SK-F-02107 1 Grizzly Feed Conveyor 18" W
B SK-F-02107 1 Vibrating Grizzly . 4' x 6’ Rectangular w/ 6" Screen
C SK-F-02107 1 Vibrating Grizzly O’size Conv. 18" W
D SK-F-02107 1 Drum Washer Feed Conveyor 18" wW
E SK-F-02107 1 Drum Washer/Trommel Screen 8¢ x 10’ Long; 8°'ID x 6’ Long Screen
F SK-F-02107 1 Drum Washer Discharge Conv. 18" W
G SK-F-02107 1 Sec Drum Washer/Trommel Scr | 4’9 x 6° Long; 4'ID x 4’ Long Screen
1 w SK-F-02107 1 Drum Washer Sump 300 Gallons
J SK-F-02107 2 Drum Washer Sump Pump 60 GPM
K SK-F-02107 1 Double Deck Screen 4’ x 8’ (3/4" and 4 Mesh)
L SK-F-02107 1 Double Deck Screen Conveyor 16" W Belt
g M SK-F-02107 1 Drum Washer Discharge Conv. 16" W Belt
g N SK-F-02107 1 Secondary Drum Washer Sump 50 Gallons
g P SK-F-02107 2 Sec Drum Washer Sump Pump 10 GPM
i Q SK-E-02107 3 Flocculant Transfer Pump 5 GPM
R SK-F-02107 1 Flbcculant Make-up Tank 150 Gallons
& S SK-F-02107 1 . Flocculant Make-up Tank Agit.
F:AUSER\FRD13 \WPDATA\OUS\POB1\EQLIST1.WP Doc. Control No.':l .
ev. No.:
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PARSONS
ERA PROJECT

MATERIAL AND EQUIPMENT LIST

™SO 11400 1

@ CRU-5 PO-81 Subject: SCREENING (cont) ,
g ‘Dgte: November 8, 1993 Project Title: FRD/CDR Soil Remediation CRU-5 .
= i Discipline: : .
. m 20 Tons/Hr t
- wﬂ . . L
L : Sketch No. Qty. Equipment Name Description Est. HP
' ' SK-F-02107 3 Flocculant Supply Pump 3 GPM (0.5 to 3 GPM)
2% U SK-F-02107 1 Primary Thickener 85'¢
Vv SK-F-02107 2 Primary Thickener U’flow Pump .| 150 GPM
w SK-F-02107 1 Primary Thickener Sump 250 Gallons
X SK-F-02107 2 Primary Thickener Sump Pump 90 GPM
F:\USER\FRD!~ "*VPDATA\OUS\POSI\EQLIST1.WP Doc.© ol No.:
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0600

N

040

CRU-5 PO-81 Subject: LEACHING
Date: November 8, 1993 Project Title: FRD/CDR Soil Remediation CRU-5
‘ Discipline: _
20 Tons/Hr
Mark Sketch No. Qty. Equipment Name Description ‘ | Est. HP
A - SK-F-02108 3 Reactor Scrubbers 8000 Gallons (each) 8’ x 16’ x 10'H
B SK-F-02108 3 Reactor Scrubber Agitators
C SK-F-02108 2 Reactor Scrubber X-.fer' Pumps 160 GPM
D SK-F-02108 1 NaHCO; Day Tank 15 Tons, 8¢ x 12'H
E SK-F-02108 1 NaHCO, Feeder
F SK-F-02108 1 KMnO, Day Tank 5000 Gallons; 10°¢ x 12'H
G SK-F-02108 1 KMnO, Metering Pump 5 GPM
H SK-F-02108 1 Sodium Carbonate Déy Tank 5.5 Ton; 6'¢ x 8'H
J SK-F-02108 1 Sodium Carbonate Feeder 0.5 to 1 Tons/Hour
K SK-F-02108 1 Leach Residue Thickener 85’9
L SK-F-02108 2 Lch Res Thickener X-fer Pump 100 GPM Diaphragm
M SK-F-02108 1 Lch Res Belt Filter Feed Tank 500 Gallons; 4.5'¢ x 6'H
N SK-F-02108 2 Leach Residue Belt Filter 325 Ft; 12'8"W x 52°L x 9'6"H
P SK-F-02108 2 Filtrate Tank No. 1 650 Gallons; 4’9 x 6'H
Q SK-F-02108- 2 Filtrate Tank No.v 2 650 Gallons; 4’9 x 6'H
R SK-F-02108 2 Filtrate Tank No. 3 650 Gallons; 4'¢ x 6'H
S SK-F-02108 2 Filtrate Pump No. 1 110 GPM Centrifugal

F:AUSER\FRDI31\WPDATA\OUS\POSINEQLIST1.WP

Draft (11/08 11:43am)
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PARSONS MATERIAL AND EQUIPMENT LIST
ERA PROJECT | |

CRU-5 PO-81 Subject: LEACHING (cont)
Date: November 8, 1993 Project Title: FRD/CDR Soil Remediation CRU-5
) Discipline:
20 Tons/Hr
Mark Sketch No. Qty. Equipment Name Description . . Est. HP
T SK-F-02108 2 Filtrate Pump No. 2 55 GPM
u SK-F-02108 S 2 Filtrate Pump No. 3 55 GPM
\Y SK-F-02108 1 Leach Thickener Sump 200 Gallons; 3.5’ x 3.5" x 5° .
w SK-F-02108 2 Leach Thickener Sump Pump 60 GPM Centrifugal
X SK-F-02108 1. Leach Belt Filter Vacuum Pump 1300 ft*/min
!
!
F:\USER\FRD" WPDATA\OUS\POS1\EQLIST1.WP ' ‘ Doc.  ‘rol Nou:
Draft (11/08 1 n) f7 : Rev. No.:
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PARSONS
ERAPROJECT

MATERIAL AND EQUIPMENT LIST

CRU-5 PO-81 Subject: PRECIPITATION
Date: November 8, 1993 Project Title: FRD/CDR Soil Remediation CRU-5
Discipline:
20 Tons/Hr
Mark Sketch No. Qty. Equipment Name Description Est. HP
A SK-F-02109 1 Hold Tank 20'¢p x 24'H
B SK-F-02109 2 Hold Tank Transfer Pump 360 GPM Centrifugal
C SK-F-02109 2 Multi-media Filter 360 GPM; 8'¢ x 6'H
D SK-F-02109 1 Recycle Water Storage Tank 20'¢ x 24'H
E SK-F-02109 2 Backwash Pump 100 GPM
F SK-F-02109 2 Recycle Water Supply Pump 360 GPM
G SK-F-02109 1 Prec. Belt Filter Vacuum Pump 200 ft*/min
H SK-F-02109 1 KMnO, Mix Tank 10,000 Gallons
J SK-F-02109 1 KMnO, Mix Tank Agitator
K SK-F-02109 2 KMnO, Supply Pump 50 GPM
L SK-F-02109 2 Precipitation Tank 8¢ x 10'H
M SK-F-02109 2 Precipitation Tank Mixer
N SK-F-02109 1 Na,CO, Regeneration Tank 6'¢ x 8'H
P SK-F-02109 2 Na,CO; Regeneration Tk Pump 280 GPM Centrifugal
0 SK-F-02109 1 Precipitate Thickener 20’ Diameter
“R SK-F-02109 2 Prec..Thickener X-fer Pump 15 GPM Diaphragm
SK-F-02109 1 ‘ Prec. Belt Filter Feed Tank 75 Gallons
|
F:\USER\FRDI31\WPDATA\OUS\POS\EQLIST1.WP Doc. Control No.:
Draft (11/08 t1:43am) Rev. No.:
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PARSONS
ERA PROJECT

MATERIAL AND EQUIPMENT LIST

CRU-5 PO-81 Subject: PRECIPITATION (cont)
L Date: November 8, 1993 Project Title: FRD/CDR Soil Remediation CRU-S
”O Discipline:
8 : 20 Tons/Hr .
3 ( Mark Sketch No. Qty. Equipment Name Description Est. HP
tfiw’; T SK-F-02109 1 Precipitate Belt Filter 50 f*. 8'W x 22'L x 7.5'H
| v SK-F-02109 1 Filtrate Tank No. 4 150 Gallons
Y SK-F-02109 1 Filtrate Tank No. 5 150 Gallons
w SK-F-02109 1 Filtrate Tank No. 6 150 Gallons
X SK-F-02109 1 Filtrate Pump No. 4 20 GPM
Y SK-F-02109 1 Filtrate Pump No. 5 10 GPM
z SK-F-02109 1 Filtrate Pump No. 6 10 GPM
AA SK-F-02109 1 Precipitate Thickener Sump 800 Gallons
AB SK-F-02109 2 Prec. Thickener Sump Pump 260 GPM
AC SK-F-02109 1 Na,CO, Regen Tk Agitator

F:\USER\FRD1~ “'PDATA\OUS\POSI\EQLIST!|.WP

Doc. W No.:




PARSONS
ERA PROJECT

MATERIAL AND EQUIPMENT LIST

CRU-5 PO-81 Subject: REAGENT STORAGE
Date: November 8, 1993 Project Titte: FRD/CDR Soil Remediation CRU-5
‘ Discipline:
20 Tons/Hr
Mark Sketch N.o. Qty. Equipment Name Description Est. HP

A SK-F-02110 1 NaHCO, Bin Vent Filter

B SK-F-02110 2 NaHCO; Silo 100 Tons Capacity; 10'W x 10°L x 26'H

C SK-F-02110 1 NaHCO, Blow Pot/Load Cells 1.5 Tons

D SK-F-02110 1 Na,CO; Bin Vent Filte,r'

E SK-F-02110 2 Na,CO, Silo - 100 Tons Capacity; 10'W x 10°L x 26'H

‘F SK-F-02110 1 Na,CO, Blow Pot/Load Cells 1 1.5 Tons

G SK-F-02110 2 Caustic Soda Supply Pump 30 GPM Submerged

H SK-F-02110 1 Caustic Soda Storage Tank 10,000 Gallons

J SK-F-02110 2 Caustic Soda Unloading Pump

K SK-F-02110 1 Caustic Soda Day Tank 1600 Galions

L SK-F-02110 1 Caustic Soda Day Tk. Agitator

M SK-F-02110 2 Caustic Soda Metering Pump 0.5 t0 2.5 GPM

N SK-F-02110 1 KMnO, Bin Vent Filter

(0] SK-F-02110 1 KMnO, Silo o 100 Tons Capacity; 10'W x 10°L x 26'H

P SK-F-02110 1 KMnO, Blow Pot/lLoad Cells
F:\USER\FRD131\WPDATA\OUS\POBI\EQLIST1.WP Doc. Control No.:
Draft (11/08 11:43am) Rev. No.:
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SECTION 4
OTHER SUPPORTING DOCUMENTS
This section will include any other supporting documents used to prepare the conceptual design cost
estimate.
If no other supporting documents are used,. this section will-be deleted from subsequent submittals of this
CDR.
ERAFSI\VOL1:RSAPPS\RSDATA\

OU-5\PO-81\PO81CDR.V2 4-1 11/08 9:20am, Rev. No.: A
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PROJECT ORDER 81 SCOPE OF WORK
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FY-1993

Restorafion Managemem Corporation

PRELIMINARY

6376
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REQUEST FOR PRUJETT PRO

PROJECT ORDER NO. 81
Contract No. 2-21487

Ralph M. Parsons, Inc.
Attn: Mr. Richard F. Duda
6120 South Gilmore Road
Fairfield Executive Center
Fairfield, Ohio 45014

TO:

OSAL .

REVISION 1

Project Title: Conceptual Design Report Document for CRU 5§ Soil Remediation

Provide The Following Engineering Services:

Prepare a cost proposal to pfovide labor, equipment and materials to perform

engineerng support per the attached revised scope Of WOrk.

There is no increased funding in Revision one. Funding remains at $300,000.

Complete Engineering Services: QOctober 19938

Project Order Limitation of Funds: $300,00U

Funding Source: EW-20 (See Page 2)

The negotiated labor hours will be estadlished in the negotiated final project order.

‘7% 2 pae 3

Proc ent and Material Management
FERMCO CRU DIRECTOR: %}é; ] Date: %3/43
S A e — I ATALE
CO TR Q \\) Date: 2—23-93
COR: ;I;i:% ) . 23 :\‘ = u, Date: 5 - 3-92

Point of Contact: D. M. Gerrick, Ext. 6180

Technical Monitor: D. J. Brettschneider, Ext. 6101

PROJECT ORDER NO. 81 Revision

I S




Prepare Cost Propaosal

FY-1993

PRELIMINARY

1993

300,000

TOTALS

300,000

1.1.1.1.5.3.2 RJUFO1 $ $ 20,000
Prepare FRD/CDR EW20 1.1.1.1.5.3.2 RJFO1 $ $ 280,000
TOTAL $ $ 300,000
PO81R1’
b g
R S 3
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REVISED
STATEMENT OF WORK

CONCEPTUAL DESIGN REPORT
for
CERCLA/RCRA UNIT 5 SOIL REMEDIATION

1. Purpose

The purpose of this revision to Project Order (P.0.) 81 is for Parsons to prepare a
Conceptual Design Report (CDR) incorporating selected elements of a Functional
Requirements Documents (FRD), a soil characterization and quantification analysis, and a
treatment system alternatives evaluation. This revised statement of work will downscope
the earlier Request for Proposal (RFP), Revision 0, proposed scope of work and establish a
revised project schedule.

2. Task Description

Attachment 1 provides a comparative study of the Parsons draft P.0. 81 proposal (shown as
P.0. 81, Revision 0 on attachment) and the revised P.0. 81 approach. The following work
packages will be provided by Parsons and selectively integrated into a single CDR document
with deliverables outlined below in Section 4.0:

project engineering and management support

P.0. 81 proposal preparation

soil characterization and quantification

treatment system alternatives evaluation

functional requirements .
CDR development w1

Formal Safety Assessment and RAM documentation activities will be dropped in the revised
proposal. Details of the CDR structure and Parsons level of effort for documentation
development were discussed at a pre-proposal meeting on February 3, 1993 at Parsons
offices. The primary emphases of this revised CDR effort will focus in establishing a
solid funding baseline for soil remediation at the FEMP. The CDR cost estimate should N
build upon the Enhanced Cost Study for Soil Remediation dated September 1992. et

3. Guidelines

The FRD/CDR. document shall be prepared in accordance with the guidelines outlines in the
latest revision of the following documents:

a. Functional Requirements Document Guidelines, prepared by Parsons and dated January
1992 (Revision 0)

b. Conceptual Design Report Preparation Guide, prepared by Parsons and dated January
1992 (Revision 1)

4. Schedules

50% CDR All de]ivérab]e milestones to be negotiated

a.

b. 100% CDR following Parsons development of a Logic Path
c. 100% Cost Estimate Schedule

d. Approved CDR/Cost Est.

Monthly status meetings shall bé conducted to discuss the effort accomplished, problems
and issues, and the plan for the next month’s activities.

006080




A.

CPMPARA suU

SCOPE O

8 evision 0
Safety Assessment documentation
Risk Assessment and Management documentation

Evaluation of treatment alternatives

Soil characterization and quantification

Functional Requirements Document (FRD) (as per
Revision 0 of FRD Guidelines dated January 1992)

Conceptual Design Report (as per Revision 1 of
CDR Preparation Guideline dated January 1992)

A

0

OF_CDR

A. Delete formal process from scope; however, outline
any significant safety related issues which will need
to be addressed in future engineering efforts and
include in Section 6.0 of CDR.

B. Delete from scope

C. Include in Conceptual Design Report (CDR) - close
integration with FERMCO Technology group, ORNL, and IT
Corp. will be necessary. Confirm soil washing as BAT
and integrate the current soil treatability studies at
the FEMP into an optimized process as the CDR basis.
Evaluate logistics of centralized or remote soil -
washing facilities.

D. Include in CDR - soil characterization data is
limited. Coordinate the research into available soil
data with B. Hertel and R. Ninesteel of FERMCO. This
will become a living document and will require
incorporation data from the pilot system process.

E. Include the following FRD requirements into the
CDR: 1) Functional Objectives Section with emphases
on those areas dealing with environmental, material
handling, process, and health & safety objectives.
2) Regulatory Requirements dealing specific with
ARARs. (coordinate w/ARAR’s document currently under
development by ID Program)

F. Primary deliverable - should incorporate the
elements outlined above for P.0. 81 Rev. 1 Scope of
Work and the following sectlons related to CDR
development:

b -g2¢9




P.0; 8], Revision 0

F.

Conceptual Design Report (cont’d)

cP

Sco

SUMMARY OF €D

0

0

el

P.0, 8], Revision }

1.0 Project Description to include brief
Introduction, Overview and Project Scope,
Justification, and Leading Alternatives.

2.0 Project Strateqy and Schedule to include
Functional Requirements (as outlined in Section
E above) and address the issue of integrating
construction sequencing and planning between the
other CRU’s with summary level schedules. An
early "over-the-shoulder" review of this
strategy will be required by FERMCO.

3.0 Project Cost and Funding Strategy to include a
cost estimate which builds upon the Enhanced
Cost Study for Soil Remediation, developed in
September 1992.

4.0 pRelated Project Tasks, Schedules and Costs to
outline possible engineering development studies
for related issues which may need to be
addressed in future engineering tasks having a
potential impact to this project (ie., material
handling and staging req’s, disposition of
related waste streams, integration req’s, etc.)

5.0 Quality Assurance to include summary level
detail only.

6.0 Safety, Environment, and Energy to include
summary level data only.

NOTE: Drowings and specificationa required for this CDR effort
should include: a site plan detailing the phasing/sequencing with
the CRU’s, plont layout of a proposed system for establishing a
costing basis, PRID’s and PFD's as required.  Equipment/component
specification for the existing pilot system can be utilized f€or
projecting coutn on larger scale procemn.
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ATTACHMENT B
APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS
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ATTACHMENT B

APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS
AND TO-BE-CONSIDERED GUIDANCE DOCUMENTS

“ CATEGORY

H

Operational -
Public Health and
Environment

REGULATORY REQUIREMENT

The total effective dose equivalent to members of the public is
limited to 100 mrem in a year, exclusive of the disposal for
radioactive material into sanitary sewage in accordance with 10
CFR 20.2003. The dose in unrestricted areas is limited to 2
mrem in 1 hour.

10 CFR 20.1301 [Relevant and Appropriate]

Operations must be in accordance with the requirements of
(proposed rule) 10 CFR 834 and DOE Order 5400.5 Chapter II
involving DOE public dose limit for all exposure modes and all
DOE sources of radiation.

DOE Order 5400.5, Chapter 1l.1.a

-110 CFR 834 (proposed rule, 58 FR 16268)
| [To Be Considered]

IMPLEMENTATION STRATEGY

The treatment facility will be designed and
operated to minimize the release of
radionuclides. The radiological discharges
will be estimated in order to qualitatively
determine the impact of the facility upon
off-site residents. Compliance will be
demonstrated by site-wide environmental
monitoring. Reports summarizing the site-
wide monitoring results will be submitted to
the US EPA annually.

PAENVIRO\ARAR\ARARPO81.0US

Rev. A
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ATTACHMENT B
APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS
AND TO-BE-CONSIDERED GUIDANCE DOCUMENTS

CATEGORY REGULATORY REQUIREMENT IMPLEMENTATION STRATEGY " v

Operational - Using the computer code RESRAD and the guidance manual A4 The limits in 10 CFR 834 shall be

Soil Remediation Manual for Implementing Residual Radioactive Material implemented in the field during excavation
(Uranium) Guidelines and ALARA principles, DOE and EPA determined activities. These limits have been used
acceptable limits for depleted uranium in soil. These limits are: previously in the remediation of FUSRAP
1) Average soil concentrations over any 10 meter by | sites and were found to be acceptable.
10 meter area should not exceed 35 pCi of Compliance will be demonstrated by
depleted uranium per gram of soil; and’ sampling for the comprehensive site-wide
2) 100 pCi/g should not be exceeded over any 1 operable unit.

square meter area.

10 CFR 834 (proposed rule preamble, 58 FR 16276)
[To Be Considered]

Operational - The limits for radium-226 and radium-228 are less than 5 pCi/g in | These limits will be implemented in the field
Soil Remediation the first 15 cm of the surface layer and 15 pCi/g in any during excavation activities. These limits
(Radium-226 and subsequent 15 cm layer. have been used previously in the
228) ' remediation of FUSRAP sites and were

' 40 CFR 192 [Applicable] : found to be acceptable. Compliance will be

demonstrated by sampling for the
comprehensive site-wide operable unit.

PAENVIRO\ARAR\ARARPOS}.OUS B-2 : Rev A



ATTACHMENT B

APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS
AND TO-BE-CONSIDERED GUIDANCE DOCUMENTS

II CATEGORY

r —
Operational -

Soil Remediation
(Hazardous Waste)

Soil that contains listed-hazardous waste or exhibits a hazardous
waste characteristic will either be treated to remove the listed
waste or eliminate the characteristic. This will be done under the
"contained-in" policy (see discussion in the preamble of the
proposed soil rule, 58 FR 48123). Hazardous wastes that remain
in soil must be below the Universal Treatment Standards provided
in proposed 40 CFR 268.48 Table UTS in order to be land
disposed.

Proposed 40 CFR 260.42, 268.40, and 268.48

_is also considered mixed waste, and whether

REGULATORY REQUIREMENT I IMPLEMENTATION STRATEGY “

The soil washing/extraction process is not
specifically designed to treat hazardous
waste. Soil that has undergone uranium
removal, but still contains hazardous waste,
may require further treatment (not in project
scope) prior to disposal. Process knowledge
and appropriate analysis will be used to
determine if the concentrated residue from
treatment of mixed waste contaminated soil

[To-Be-Considered] it will be managed as such.
Operational - Petroleum contaminated soil will be managed in accordance with Petroleum contaminated soil will be
Soil Remediation OAC 1301:7. | remediated to the levels provided by the
(Petroleum) Ohio EPA. Petroleum contamination above
1 OAC 1301:7 [Applicable] these levels will be excavated and packaged
' : for disposal. Only soil below these limits
Treatment standards for petroleum contaminated soil are as will remain in situ.
follows: benzene (0.006 ppm), toluene (4.0 ppm), ethylbenzene '
(6.0 ppm), xylene (28.0 ppm) and total petroleum hydrocarbons
(40 ppm).
Petroleum Contaminated Soil
(Ohio EPA Guidance Policy PP-01-03-200, March 25, 1991)
_ﬁ';@ [To-Be-Considered]
g Operational - Polychlorinated Biphenyl (PCB) contaminated soil will be Current site proced'ures (e.g. Site-Wide
‘ Hen) Soil Remediation managed in accordance with 40 CFR 761. CERCLA Quality Assurance Project Plan)
‘ 2 (Polychlorinated ' require that soil containing greater than 2
‘ Biphenyls) 40 CFR 761 [Applicable] ppm of PCBs must be excavated and

packaged.

PAENVIRO\ARAR\ARARPOS8E.0OUS

Rev. A
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ATTACHMENT B

APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS
AND TO-BE-CONSIDERED GUIDANCE DOCUMENTS

o CATEGORY

Operational -
Records

REGULATORY REQUIREMENT

Record keeping must be performed according to DOE Order
5820.2A which specifies that records must be maintained from
generation through final disposal. The specific data requirements
are physical/chemical characteristics, quantity of radionuclides,
waste volume, and other data necessary to demonstrate compliance
with waste acceptance criteria.

DOE Order 5820.2A Chapter H1.3(m) [To Be Considered]

IMPLEMENTATION STRATEGY J

An operational record will be written and
maintained until closure of the treatment
facility. FEMP procedures for preparing
and maintaining these operating records will
be followed.

Operational -
Security Fencing

A physical barrier (i.e., fence) and a 24-hour surveillance system
must be provided to control the unknowing or unauthorized entry
of persons or livestock onto the active portion of the remediation
facilities. Signs (legible from a distance of 25 feet) must be
posted at each entrance to the active portion and at other locations
as required by 40 CFR 264.14(c).

40 CFR 264.14 {OAC 3745-54-14} [Relevant and Appropriate] |

The fence and surveillance system currently
at the FEMP are adequate to restrict access
to the treatment facility. If the facility is
located outside of the existing security zone,
the zone will be extended to include the
facility. Signs will be posted at each
entrance to the active portion and at any
other location required.

P:\ENVIRO\ARAR\ARARPO81.0US
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ATTACHMENT B

APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS
AND TO-BE-CONSIDERED GUIDANCE DOCUMENTS

P " CATEGORY

‘Operational -
Spill Prevention

REGULATORY REQUIREMENT | IMPLEMENTATION STRATEGY "

R

Best Management Practices (BMP) programs shall be developed in
accordance with good engineering practices and with the
provisions of 40 CFR 125.104. The BMP program may reflect
requirements for Spill Prevention Control and Countermeasure
(SPCC), and may incorporate this plan by reference. The BMP
shall address the requirements of 40 CFR 125.102 for any
ancillary equipment. The owner or operator of a facility subject
to this requirement shall amend the BMP whenever there is a
change in facility design, construction, operation or maintenance
which materially affects the facility’s release potential. If BMP
requirements are ineffective, the permit and/or BMP program
shall be subject to modification to incorporate revised BMP
requirements.

40 CFR 125.102 & 125.104 [Applicable]

The secondary confinement structure shall be capable of retaining
the maximum radioactive liquid waste inventory that may be
released by a spill, leak, or overflow from the primary
confinement structure. For outdoor application, the capacity must
also include maximum predicted participation. The structure shall
also be designed to preclude overtopping due to wave action. The
capability for transferring collected liquids from secondary
containment to an acceptable storage location shall be provided.

DOE Order 6430.1A, Section 1323-5.1
[To-Be-Considered]

Any treatment facility’s dikes/curbs will be
designed to contain 100 percent of the
volume of the largest tank within a common
area, plus sufficient freeboard to allow for
precipitation. Any collection sumps and
liquid detection systems shall be provided as
necessary.

Inspection requirements for housecleaning,
spillage, leaching, etc. are to be included as
part of the Remedial Action Work Plan.

P:AENVIROVARAR\ARARPO81.0US

Rev. A

9489




ATTACHMENT B

APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS
AND TO-BE-CONSIDERED GUIDANCE DOCUMENTS

| CATEGORY ' I REGULATORY REQUIREMENT

Operational -
Stormwater and
Erosion Control

IMPLEMENTATION STRATEGY “

Industrial facilities (as defined in 40 CFR 122.26) are required to
submit a NPDES Stormwater Discharge Permit Application to US
EPA by October 2, 1992. This permit application is to identify
the site-wide monitoring program (including monitoring
parameters and locations) for all stormwater discharges.

40 CFR 122.26 [Applicable]

The earthwork rules and regulations issued by the Hamilton
County Department of Public Works state that temporary and/or
permanent erosion and sediment control features and devices shall
be designed and constructed in accordance with the State of Ohio
Temporary Erosion Control Specifications.

Hamilton County Earthwork Regulations [To Be Considered]

Drainage control provisions of DOE Order 6430.1A are to be
followed.

DOE Order 6430.1A [To Be Considered]

Stormwater from this facility will be
managed by the FEMP Stormwater
Treatment System (e.g., collection in
stormwater retention basins prior to
treatment at the Advanced Wastewater

Treatment [AWWT] facility). Soil erosion

controls will be provided as necessary.

P:\ENVIRO\ARAR\ARARPO81.0US
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ATTACHMENT B

APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS -
AND TO-BE-CONSIDERED GUIDANCE DOCUMENTS

|| CATEGORY I REGULATORY REQUIREMENT

Operational -
Worker Protection

The occupational radiation doses specified in 10 CFR 20 Subpart
C shall be followed. In addition, the radiation survey and
monitoring requirements, the administrative controls for restricted
areas, and other precautionary procedures identified in 10 CFR
20, Subparts D to J shall be followed. Although the radiation
protection standards promulgated under 10 CFR 20 are only
applicable to NRC licensed facilities, these protection standards
are deemed to be relevant and appropriate for individuals entering
a radiologically controlled area at the FEMP. These standards are
mandatory after January 1, 1994 with early compliance
encouraged.

10 CFR 20 Subparts C to J [Relevant and Appropriate]

At DOE facilities, the radiation protection standards contained in"
DOE Order 5480.11 for occupational workers, unborn children,
minors, and on-site members of the public shall not be exceeded.

DOE Order 5480.11 [To Be Considered]
Draft proposed 10 CFR 835 [To Be Considered]

The existing FEMP radiation protection
program is being ‘implemented under DOE
Order 5480.11. The FERMCO
Environmental Safety and Health manual
only identifies DOE requirements and DOE
Radiation Control manual. This program is
consistent with the requirements of 10 CFR
20 Subpart C.
Occupational workers and on-site members
of the public shall be required to wear
dosimeters and peérsonal protective
equipment (PPE) when entering a
radiologically controlled area. Radiation
monitoring shall also be required for all
individuals exiting a radiologically
controlled area. Details regarding the PPE
and radiation monitoring requirements will
be identified in the task-specific health and
safety plan developed for the Remedial
Action Work Plan and based on actual

operational experience.

IMPLEM ENTATION STRATEGY II

P:AENVIRO\ARAR\ARARPO81.0US
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ATTACHMENT B
APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS
: AND TO-BE-CONSIDERED GUIDANCE DOCUMENTS

l CATEGORY REGULATORY REQUIREMENT I IMPLEMENTATION STRATEGY ll

Siting - Federal agencies are to avoid construction within a floodplain or The treatment facility will be located in
Floodplains and wetland unless there are no practicable alternatives. If it is neither an 100-year floodplain nor a
Wetlands necessary to locate the facility within a floodplain or wetland, all wetland.

practicable measures are to be taken to minimize any impacts to
the floodplain or wetland. A floodplain or wetland assessment
must be published in the Federal Register prior to taking any
action within the floodplain/wetland to allow time for public
review and comment.

10 CFR 1022 [Applicable]
Executive Orders 11988 & 11990 [To Be Considered]

: Siting - The remedial action shall mitigate any adverse impact which may | There are no federally listed threatened or

' Endangered Species | affect the continued existence of any endangered species or endangered species at the FEMP or its
threatened species. The remedial action shall also not result in the | immediate vicinity. Therefore, neither
destruction or adverse modification of a critical habitat. notification nor mitigative measures are.

required for this remedial action.
Endangered Species Act of 1978 (16 USC 1531) [Applicable]
Ohio Endangered Species Act for Plants and Animals (ORC 1518,
OAC 1501:18-1-01, ORC 1513.25) [Applicable]

PAENVIRO\VARAR\ARARPO81.0US B-8 Rev. A




ATTACHMENT B

APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS
AND TO-BE-CONSIDERED GUIDANCE DOCUMENTS

Siting -
Historic Sites

'l CATEGORY I

REGULATORY REQUIREMENT

The Secretary of the Interior must be notified in writing whenever
DOE finds or is notified in writing by an appropriate historical or
archaeological authority that the activities in connection with a
project may cause irreparable loss or destruction of significant
scientific, prehistorical, historical, or archaeological data. Any
data that may be lost or destroyed must be preserved by the DOE
or Department of the Interior.

National Historic Preservation Act, 16 USC 470
Archeological and Historic Preservation Act, 16 USC 469a-1
Archeological Resources Protection Act, 16 USC 470 [Applicable]

IMPLEMENTATION STRATEGY ||

B |

There are no known sites of archaeological
significance at the FEMP. Therefore,
neither notification nor mitigative measures
are required for this remedial action.
Should a site be discovered, the DOE will
notify the Department of the Interior and
then the appropriate course of action will be
identified. : :

'

Siting -

US Fish and
Wildlife
Coordination Act

Adverse impacts of activities associated with the destruction or
loss of wetlands are to be avoided where practicable alternatives
exist. After consultation with the US Fish and Wildlife Service
and the appropriate State agency, necessary actions to protect fish
and wildlife from impacts associated with modifying streams or
areas affecting streams are to be implemented.

Fish and Wildlife Coordination Act (16 USC 661 et seq)
{Applicable]

On-site location and operation of a soil
treatment facility may impact Paddy’s Run
and adjacent wetlands areas. Such action
should be coordinated with State and
Federal wildlife agencies to ensure
preservation of wetlands and aquatic biota
and wildlife.

Treatment Systems -
Corrosion
Evaluation

A corrosion evaluation shall be performed for tank systems or
components in which the external shell of a metal tank or any
external metal component will be in contact with the soil or with
water. The corrosion evaluation will include those items listed in
40 CFR 264.192(a)(3).

40 CFR 264.192(a)(3) {OAC 3745-55-92} (Applicable]

A corrosion evaluation will be conducted as
part of the design/selection of any metal
tanks and/or tank components. Any
corrosion protection requirements will be
specified on the design drawings and
specifications. The corrosion protection
requirements, if any, will be summarized in
the required tank assessment report.

P:\ENVIRO\ARAR\ARARPO81.0US
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ATTACHMENT B
APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS
AND TO-BE-CONSIDERED GUIDANCE DOCUMENTS

|| CATEGORY | REGULATORY REQUIREMENT I IMPLEMENTATION STRATEGY "

Treatment Systems - | Tank systems will be designed to ensure the foundations support Any required tank systems will be designed

Foundations the load of a full tank, tanks are anchored to prevent flotation, and | to withstand these conditions. Design
withstand frost heave. calculations will be prepared during Title
I/Il. The foundation support information
40 CFR 264.192(a)(5) {OAC 3745-55-92} [Applicable] will be summarized in the required tank
assessment report.
Treatment Systems - | Secondary containment systems (including leak detection and Design details for any secondary
Secondary removal systems) must be provided for each tank and ancillary containment system will be developed in
Containment equipment to prevent release of any hazardous waste to the conjunction with the tank design during Title
environment in the event of a spill or leak. The specific design /1.

requirements are identified in 40 CFR 264.192.

40 CFR 264.193 {OAC 3745-55-93} [Applicable]

Treatment System - | Ancillary equipment must be supported and protected against The appropriate support and protection of
Ancillary physical damage and excessive stress due to settlement, vibration, | any ancillary equipment will be specified on
Equipment expansion, or contraction. the design drawing and specifications.

40 CFR 264.192(e) {OAC 3745-55-92} [Applicable]

P:\FNVIRO\ARAR\ARARPO81.0US R-10 P A




ATTACHMENT B
APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS
AND TO-BE-CONSIDERED GUIDANCE DOCUMENTS

II CATEGORY REGULATORY REQUIREMENT : I IMPLEM EP:JTATION STRATEGY II

Treatment System - | Underground tank systems (including underground pipes) shall be | If any of the tank systems or groundwater
Backfill Material protected against adverse effects of vehicular traffic by either transfer piping is placed underground, the
design or operational measures. backfill materials will be specified on the

design drawings and specifications.
40 CFR 264.192(a)(4) {OAC 3745-55-92} [Applicable} ‘

Underground tanks and components must be backfilled with a
non-corrosive, porous, homogeneous substance. The backfill
material must be placed completely around the tank and
compacted to ensure that the tank and piping are fully and
uniformly supported.

40 CFR 264.192(c) {OAC 3745-55-92} [Applicable]

Treatment System - | Tank systems are to be equipped with spill prevention devices The appropriate mechanical and instrument
Spill Prevention (i.e., check valves, dry disconnect couplings) and overfill controls | controls will be specified on the design
(i.e., liquid level probes, high level alarms, interlocks to stop drawings and specifications.

flow, or a bypass system to a standby tank). For open top tanks,
sufficient freeboard shall be maintained to prevent overtopping by
wave or wind action or by precipitation.

40 CFR 264.194 {OAC 3745-55-94} [Applicable] -

P:\ENVIRO\ARAR\ARARPO81.0US B-11 Rev. A
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ATTACHMENT B
APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS
AND TO-BE-CONSIDERED GUIDANCE DOCUMENTS

CATEGORY ' REGULATORY REQUIREMENT IMPLEMENTATION STRATEGY {
1
Treatment System - | The installation of the tank system is to be inspected by an This requirement will be incorporated into
Tank Installation independent, qualified installation inspector or an independent, the specification for any tank installation.

qualified registered professional engineer for structural damage or | An installation report will be prepared by
inadequate construction/installation (i.e., weld breaks, punctures, the inspector/engineer. Any required

scrapes of protective coatings, cracks, and corrosion). The repairs and field fabrication of a corrosion
installation of any required corrosion protective system that is protection system will be documented in the
field fabricated must be supervised by an independent corrosion installation report. The installation report
expert. The tank and ancillary equipment must be leak tested will be certified in accordance with 40 CFR
prior to being covered, enclosed or placed into service. 270.11(d).

40 CFR 264.192(b), 264.192(d) & 264.192(f) {OAC 3745-55-92})
[Applicable}

An installation report will be required to be prepared by the
inspector/engineer. Any required repairs and field fabrication of a
corrosion protection system will be documented in the installation
report.

40 CFR 264.192(a) {OAC 3745-55-92} [Applicable]
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ATTACHMENT B

APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS
AND TO-BE-CONSIDERED GUIDANCE DOCUMENTS

CATEGORY

Treatment System -
Wastewater
Discharges

REGULATORY REQUIREMENT |

Any wastewater discharge from the facility to a surface water
body must comply with all the requirements of the NPDES
program, including monitoring and record keeping. Also
applicable are the technology-based effluent limitations and
standards based under Section 301 of the Clean Water Act (CWA)
and technology-based controls for toxic pollutants.

40 CFR 122.41, 40 CFR 122.44 {OAC 3745-33-04 & 05}
[Applicable]

The design must ensure that the construction/operation of the
facility does not violate the minimum water quality requirements
for the Great Miami River or for the Ohio River. The facility
shall not be a source of floating debris, materials producing odor,
and/or color change, and substances in toxic concentrations. The
specific water use designation for the Great Miami River and
Paddy’s Run is identified in OAC 3745-1-21. The corresponding
water quality criteria is listed in OAC 3745-1-07. "Mixing
Zones" may be established for each discharge pursuant to OAC
3745-1-06.

OAC 3745-1-06, OAC 3745-1-07, OAC 3745-1-21,
& OAC 3745-1-32 Table 32-1 {Applicable)

The annual average radionuclide concentrations in wastewater
effluents are to be controlled so that the levels specified in
Appendix B, Table II of 10 CFR 20 (Sections 20.100! to
20.2401) are not exceeded.

10 CFR 20.1302(b) {Relevant and Appropriate]

IMPLEMENTATION STRATEGY I

Wastewater from the soil treatment facility
will be sent to the AWWT for treatment
prior to reuse or discharge. The design of
this portion (as well as other portions) of the
AWWT is not in the scope of this project.
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SECTION 1

INTRODUCTION

PARSONS was tasked under Project Order 81 to perform a Soil Characterization and Quantification
Study to support the conceptual design of a soil remediation system for Operable Unit 5 (QU-5)
(PARSONS 1993a). The Soil Characterization and Quantification Study is intended to develop a
preliminary estimate of the distribution of contaminants in soil over the FEMP site, to provide a
preliminary estimate of the in situ contaminated soil volumes which will require remediation, and to
provide a preliminary estimate of the in situ soil volumes which will require excavation. Concentration
contour maps showing the estimated locations and magnitudes of contamination in the Fernald
Environmental Management Project (FEMP) surface soils were created. These maps provide the basis
for a preliminary estimate of the soil volumes requiring remediation. The source of information for this
study was the data base developed as a result of the FEMP Remedial Investigation/Feasibility Study
(RI/FS) soil sampling program. This report documents the procedure used to prepare the concentration
contour maps and summarizes the results of the estimated contaminated soil volume calculations.

Four soil contaminants were chosen as Constituents of Concern (COCs) for these calculations: Thorium-
230, Thorium-232, Uranium-238, and total Uranium (U-total). Action levels for the COCs were assumed
from preliminary remediation goals developed in the Sitewide Characterization Report (DOE 1993).
Contaminated Soil Volume (CSV) estimates were calculated based on these assumed action levels. CSV
estimates were made at four depth intervals (0-2 feet, 2-5 feet, 5-10 feet, and 10-20 feet below land
surface) by multiplying the area where estimated concentrations exceeded the action level by the thickness
of the interval. '

ERAFS1\VOL1:RSAPPS\RSDATA\ e
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SECTION 2

SOURCE DATA AND METHODOLOGY

The primary source of information for this study was a Fernald Environmental Restoration Management
Corporation (FERMCO) data base containing results of chemical analysis of subsurface soil samples
collected during the installation of on-site RI/FS monitoring wells. A typical data base record contains
the following information: number or name of well, Ohio State Plane Coordinates (NAD 27) of well,
"date, name of compound or element, top and bottom depth of the sample interval, concentration, units
of measurement, and some auxiliary information about type and precision of measurements.

The following steps were undertaken to prepare concentration contour maps and estimate the CSVs:

1) Extract data relevant to the particular COC from the data base

2) Sort data by depths and types of measurements :

3) Spatially interpolate data onto the nodes of a regular grid with a given origin and orientation
4) Calculate the total volume of cells with a concentration higher than an action level

5) Draw concentration contour maps of the distribution of contaminants over the site

Data management was performed with the help of the dBASE-IV software package and a FORTRAN-77
code which was developed for the sorting and primary statistical analysis. Spatial interpolation was
conducted using the "Kriging" gridding method of the GRID program from the SURFER software
package. Concentration contour maps were also prepared using SURFER. Selected results were stored
in a special three-dimensional grid file and transferred to the INTERGRAPH CAD system for plotting.

The following depth intervals, or layers, were chosen for the calculations: 0-2 teet, 2-5 feet, 5-10 feet,
and 10-20 feet. The Groundwater Modeling Grid (GWMG) (PARSONS 1993b) was the basis for a grid
created to perform the calculations. The results are represented in the nodes of the grid with the
- following parameters:

D The origin of the grid coordinate system' is located at a point with the Ohio State Plane
Coordinates (NAD27) xq=1,379,948.67 feet (east), y5=469,197.59 feet (north).

2) The X and Y axes of the grid are rotated 30 degrees counter-clockwise relative to the Ohio State
Plane Coordinate axes.

3 The size of the grid cells are 125 feet by 125 feet.

ERAFSI\VOL1:RSAPPS\RSDATA\
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4) The grid used for these calculations was expanded from 78 rows and 102 columns used in the
GWMG to 102 rows and 102 columns.

Figure 2-1 presents the grid used for these calculations and shows the relationship of the grid to the
FEMP boundaries and the Ohio State Plane Coordinates.

Approximately 100 potential COCs have been identified for the soil at the FEMP in Table 2-3 of Part

OIII of the Sitewide Characterization Report (DOE 1993) (see Attachment A). Four soil contaminants were
chosen for these calculations based on their prevalence in FEMP soil: Thorium-230, Thorium-232,
Uranium-238, and total uranium.

An action level must be selected to estimate the CSV for each COC. Currently, only U-total has a
proposed risk-based action level of 35 picoCuries per gram (pCi/g) (proposed rule 10 CFR 834 [58 FR
16268]). Assuming that soil is primarily contaminated with depleted uranium, 35 pCi/g is equivalent to
76 parts per million (ppm). This value was determined using isotopic distributions for depleted uranium
(from the proposed rule for 10 CFR 834 [S8 FR 16268]) and formulae from The Health Physics and
Radiological Health Handbook (Shleien 1992).

Action levels were assumed for the other COCs. The Preliminary Remediation Goals (PRGs) for
recreational land use scenarios from the Sirewide Characterization Report (DOE 1993) (see Attachment
A) were chosen as action levels for calculating CSVs. The volume of soil with contaminant concentration
levels above the respective action level was calculated for each COC. Table 2-1 lists the name, unit of
measure, action levels, and the number of measurements available per layer for each of the four COCs
evaluated.
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Table 2-1 - COCs, Action Levels, and Numbers of Measurements per Layer

Numbers of Measurements in Layers

cocC Units Action 0-2 Feet 2-5 Feet 5-10 Feet | 10-20 Feet
Level
Thorium-230 pCi/g 1,520 410 155 . 154 177
Thorium-232 - pCilg 305 410 155 153 177
Urdnium-238 pCi/g 527 401 141 142 174
Uranium-Total pCi/g 35 652 281 211 359
LR RIS T
AERAFST\VOL|:RSAPPS\RSDATA\ , :
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SECTION 3

DETAILS OF THE STATISTICAL PROCEDURE

The substantial part of the statistical analysis of the soil contamination is the spatial interpolation of data
from random "XYZ" form to the regular "GRID" form. It is widely recognized that the Kriging method
is an effective and natural approach in the geophysical and environmental data analyses (Journel 1989).
Kriging is a linear regression method where the estimated value at some unsampled point TO (nodes of
the grid in this case) is sought in the form of a linear combination of measured values in the N nearest
"sampled" points ;:

~ - N -
Z (rb) = 1):=l A\ Z (r;) : Equation 1

The coefficients, A, are calculated from the least square conditions

N

2@~ E, NZ@P=min K.\ Equation 2

1

Minimization gives the linear system of "normal” equations for the unknown coefficients

N

L, NC@, ) = Cr- 1) Equation 3

-
rs.

-
The matrix C(r;, rj) is a matrix of covariances between the concentrations in points r; and i

Kriging provides the best unbiased estimates (i.e., give the minimum variance of errors) when applied
to Gaussian random fields. If the random field is not Gaussian, then the estimates (Equations [-3)
continue to be the best, but they are no longer unbiased. This important fact is a substantial limitation
when applying Kriging to the problems of chemical contamination. The field of chemical concentrations
is positive. However, the structure of the linear system (Equation 2) does not guarantee that the solution
will be positive. This means that direct application of Kriging can provide incorrect results which are
negative and have a probability of occurrence greater than zero.

A more sophisticated approach could be applied to overcome this difficulty. This approach, referred to
as the "disjunctive Kriging" approach, is based on the idea of searching for a non-linear transformation
of the original field so as to make it Gaussian. The solution of the linear equation (Equation 3) is
calculated after this non-linear transformation is performed. The disjunctive Kriging approach is
cumbersome, has its own statistical restrictions, and has limited accuracy.

Logarithmic transformation of the original field is a more simple and practical approach. Three reasons
make this transformation appropriate. The first reason has a statistical root. It is recognized that the
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fields of contaminants often are subject to a log-normal distribution. - This means that after the logarithmic
transformation, the resulting field will have a form close to the Gaussian one and, consequently, better
conditions for applying the Kriging method. The second reason is that the logarithmic transformation
automatically excludes the negative solutions for the interpolated values. Finally, the logarithmic scale
is more suitable for graphical representations of fields with a very wide range of variation.

All methods of contouring populations of sparse data have limitations. In this case, the field of
contamination is assumed to be continuous and smooth, and all points of this field are assumed to be
statistically equivalent. Only under these constraints does the concept of "contour” or '
definite meaning. Obviously, these notions have restricted applicability in the case of the FEMP site (as
well as any other site). Here the "ordinary soil" domains have sharp borders with very high
concentration domains like waste pits and with the zero concentration domains like building foundations.
‘Obviously, these closed domains cannot be characterized in the same terms as "ordinary soil” and should
be excluded from consideration. The isolines (or "contours") which happen to pass through these
domains cannot be interpreted literally. To perform this analysis, data from borings inside the OU-1
waste pits were excluded because samples from these locations are samples of waste, not contaminated
soil. Analyses included in these calculations were from samples in soil only. In other respects, the field
of contamination was assumed to be statistically uniform and isotropic. Information about contamination
changes over time and possible transport mechanisms were not used, except for those clearly evident.

"isoline" gain

All methods of quantification based on the spatial interpolation are highly approximate. Nevertheless,
these methods are useful for the overall screening and rough quantification of contaminated areas. These
methods have been applied to the FEMP site, and preliminary estimates of CSVs have been produced.
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SECTION 4

VOLUME ESTIMATES

4.1 Estimate of Contaminated Soil Volumes

CSVs were estimated based on the recreational use action levels presented in Table 2-1. Each cell of the
grid where the-concentration was-higher than the prescribed action level was considered "contaminated."”
The cells with concentrations lower than the action level were considered "clean.”

Initial CSV estimates were made using the model grid and a single 20-foot-thick layer. The estimated
contamination distribution for U-total with an action level of 35 pCi/g was calculated using the methods
described in Sections 2 and 3. The estimated contaminated area was contoured using SURFER, and the
estimated CSV was calculated by multiplying the area by 20 feet. The CSV calculated using this method
was approximately 1.25 million cubic yards. Figure 4-1 shows the estimated U-total distribution and
Table 4-1 lists the area and volume of the individual stippled areas shown in Figure 4-1. These areas
were calculated using the INTEGRAPH area functions. The estimated CSV (area by 20 feet) is about
1.33 million cubic yards or about 106 percent of the CSV estimated using the SURFER-based procedure.
The volumes are similar given the size of the areas, and the difference is probably due to differences in
area interpolation between the two software packages.

Table 4-1 - Areas and Volumes of U-Total Contaminated Soil in the 0-20 Feet Layer

Subarea No.- Area (square feet)’ Volume (cubic yards)
! 391,000 289,630
2 23,653 17,521
3 36,418 26,976
4 . 102,919 76,236
5 484,697 : 359,035
6 249,688 184,954
7 162,174 120,129
8 337,641 250,104
Totals 1,788,190 1,324,585
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FERMCO requested refinements in this estimate, and subsequent CSV estimates were made using
multiple layers in the model grid. The following layers were chosen for the revised estimates: 0-2 feet,
2-5 feet, 5-10 feet, and 10-20 feet. Estimated concentration distributions were calculated for four COCs
(U-total, U-238, Th-228, and Th-230) and plotted using SURFER. CSVs were calculated using areas
from the SURFER plot times layer thickness. ’

The results of the revised CSV estimation for U-total and U-238 are given in Tables 4-2 and 4-3. Similar
tables for Th-228 and Th-230 were prepared but are not presented because the typical concentrations of

- these contaminants are lower than the action level (Table 2-1) and the CSVs calculated are equal to zero.

Table 4-2 - CSV Estimates for U-Total by Operable Unit and Layer

Operable Area CSV in Layers (thousand cubic yards)

Unit (Acres) 0-2 ft 25 ft 5-10 ft 10-20 ft Total
1 42.3 13 83 32 0 128
2 29.8 4 9 15 0 28
3 156.8 203 52 86 87 428
4 5.6 0 0 0 0 0
5 1275.2 6 10 4 0 20

Total 1509.7 226 154 137 87 604

The CSV estimates are strongly'dependent on the action level chosen. A series of sensitivity calculations
was performed to demonstrate this dependence. Tables 4-3 and 4-4 show the CSVs in layers versus
differing action levels for U-total and- U-238 respectively. These calculations were performed for the
entire area covered by the grid. The sensitivity analysis cannot be performed for each OU separately due
to strong fluctuations of estimates for small areas. The last column of Table 4-4 shows the CSV tor U-
238 for the action level shown in Table 2-1 (527 pCi/g). The CSVs for this action level are zero in all
layers.. ‘
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Table 4-3 - CSVs Versus Action Level for U-Total (million cubic yards)

Action Level ppm

Layer 0.1 1.0 10 30 50 70 76 82 9 120
0-2 ft 12.30 { 12.20 | 2.48 | 0.51 0.34 0.25 0.23 0.20 0.18 1 0.10
2-5ft 18.40 | 18.40 | 3.05 | 0.44 0.23 0.16 0.16 0.14 0.13 { 0.09

'5-10 ft 30.70 | 30.60 | 2.81 | 0.56 0.29 0.16 0.17 0.10 0.09 { 0.05

10-20 ft 61.40 | 57.50 | 1.74 | 0.28 0.18 0.10 0.09 0.08 0.06 | 0.02

Total 1220.8 |{118.70 }10.08 | 1.79 1.04 0.67 0.65 0.52 046 0.26
0-20 ft

Table 4-4 - CSVs Versus Action Level for U-238 (million cubic yards)

. Action Level pCi/g
Layer 0.1 1 10 30 50 60 70 | 120 300 | 527

0-2 ft 12.30 9.00 { 0.91 0.38 0.20 0.16 0.12 0.04 0.01 | 0.00
2-5 ft 18.40 9.30 { 0.67 0.23 0.13 0.09 0.06 0.03 0.01 | 0.00

5-10 ft 30.70 | 17.20 | 3.57 1.13 0.57 0.44 0.35 0.14 0.02 | 0.00

10-20 ft | 61.40 | 24.50 0.63 0.30 0.16 | 0.12 0.09 0.02 0.00 | 0.00

Total 122.80 | 60.00 | 5.78 2.04 1.06 0.81 0.62 0.23 0.04 | 0.00
0-20 ft

Figure 4-2 is a transparent overlay for use with other figures in this report. Figure 4-2 shows selected
site physical features plus selected OU boundaries used for these calculations.
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Data points are indicated by triangles in figures throughout this report. Due to a limited number of data
points in each layer, further subdivision of the total volume of the site into small layers can lead to big
fluctuations in CSV estimates. An example of ‘such a behavior is seen in Figures 4-3 through 4-6.
Figures 4-3 and 4-4 give the distribution of U-238 (logarithms of concentrations in pCi/g, local grid
coordinates) in the 0-1 feet layer and the 1-2 feet layer, respectively. Figures 4-5 and 4-6 give the same
distributions in orthographic projections. Abnormally high concentrations are seen in the right upper
corner of the grid in the 1-2 feet layer (Figure 4-4). This is a result of Kriging extrapolation of high
concentrations from the area of OU-3 where a high density of data points and high concentration of
contaminants exist. However, by plotting the distribution for the 0-2 feet layer, the extrapolated
* concentrations tend to zero as the distance from OU-3 increases because there are enough supporting
measurements of low concentration in the right upper corner of the grid in the 0-2 feet layer. The
contour map and orthographic projection of distribution for the 0-2 feet layer are shown in Figures 4-7
and 4-8, respectively.

The CSVs were estimated separately for each OU. The area bounded by the defined grid and outside the
boundaries of OU-1 through OU-4 was considered to be OU-5. However, this definition of OU-5 was
believed to overestimate the CSV as a result of extrapolating concentrations to locations with little or no
data boints. Thus, the outer boundary of OU-5 for the calculations was selected in such a way as to be
well represented by the measurement points. Figure 4-2 showed the OU boundaries used for the
calculations..
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4.2 Estimate of Excavated Soil Volumes

While Table 4-2 presented the estimated CSVs for each OU, substantially more soil volumes must be
excavated in order to uncover contaminated soils in deeper layers. Table 4-5 is a preliminary estimate
of soil volumes which may require excavation. Table 4-5 is based on the results presented in Table 4-2
and an assumption that soils above contaminated soil to be excavated must also be removed. Therefore,
the estimated soil volume in each layer may not be less than the volume in any lower layer. Additional
excavation for slope stability may be required. If an additional 10 percent of the excavated volume is
allowed for slope stability excavation, the volume of soil which may require excavation is estimated to
be approximately 800,000 cubic yards.

Table 4-5 - Estimated Soil Volumes Requiring Excavation

Volume in Layers (Thousand Cubic Yards)

Operable Unit 0-2 feet 2-5 feet 5-10 feet 10-20 feet Total
t 83 83 32 0 198

2 15 15 15 0 45

3 203 87 87 87 464

4 0 0 0 0 0

5 10 10 4 0 24

Total 311 195 138 87 731
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SECTION 5

GRAPHICAL PRESENTATION OF RESULTS

The CSV estimates presented in Section 4 were based on contour maps showing the distribution of
contaminants over the FEMP site. Figures 5-1 through 54 show the estimated concentrations of U-total
at depths of 0-2 feet, 2-5 feet, 5-10 feet, and 10-20 feet. Figures S-5 through 5-8, 5-9 through 5-12, and
5-13 through 5-16 show the corresponding concentrations at depth for U-238, Th-230, and Th-232;
respectively. Figures 5-1 through 5-16 may be used with the transparent overlay (Figurc 4-2) to identify
the approximate location of data points relevant to the site physical features. As before, data points are
shown with black triangles.

Figures 5-1 through 5-16 show that contaminant distributions for the different COCs arc similar in arca
and depth. For example, when used with Figure 4-2, Figures 5-1, 5-5, 5-9, and 5-13, all can be scen
to show peaks in the concentration contours in the vicinity of CRU-1 and numerous pez;ks in CRU-3 in
the area east of the plant. On each figure, the number of peaks in the contoured surfaces arc similar
(i.e., they tend to be located generally in the same geographic areas and the closed contours tend to center
on the same locations). No major anomalies are present, such as an area of closely spaced contours
which appears on only one figure. Soils in areas which are relatively high in U-total or U-238 typically
correspond with areas which are relatively high in Th-230 or Th-232. While the estimated concentrations
for thorium do not exceed the action levels, soils high in thorium would be excavated with soils which
exceed the U-total action level. Based on the action levels presented in Table 2-1 and the CSVs presented
in Section 4 for the four COCs, the CSV for U-total provides the best indicator of the volume of
contaminated soil which may require excavation.

Figure 5-17 shows the distribution of U-total in the interval between 0 and 2 feet. ‘Tabie 4-5 showed that
the majority of soil which may require excavation is in this layer. Therefore, Figurc 5-17 provides an
indication of areas in which excavation may be required. '

Figure 5-17 was created using the INTEGRAPH system and a file of gridded data created on a personal
computer using the methods described in this report. The stippled area of Figure 5-17 includes areas
where U-total concentrations are above the action level of 35 pCi/g in the 0-2 feet layer. As stated in
Section 2, 35 pCi/g is equivalent to 76 ppm of U-total (depleted). The stippled area was defined as any
area where the estimated U-total concentration exceeded the logarithm of 76 which is approximately 1.88.

Table 5-1 lists the area of individual stippled areas shown on Figure 5-17 where the estimated U-total
concentrations exceeded the action level. Table 5-1 also shows an estimate of the CSV in each of these
areas based on areas calculated using the INTEGRAPH area functions. The result is 98 percent of the
volume shown in Table 4-2 which was calculated using the methods described in Sections 2 and 3. The
difference probably is due to differences in area interpolation by the two software packages.
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Figure 5-11 - Distribution of Th-230 in Site Soils for the Layer 5-10 Feet
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Figure 5-13 - Distribution of Th-232 in Site Soils for the Layer 0-2 Feet
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Table 5-1 - Areas and Volumes of U-Total Contaminated Soil in the 0-2 Feet Layer

Subarea No. Area (square feet) Volume (cubic yards)
1 86,947 6.441
2 225,470 16,703
3 341,350 25,287
4 27,882 2,065
5 A 116,025 8,595
6 163,612 12,120
7 765,744 56,726
8 367,004 27,188
9 827,153 61,275
10 12,224 906
11 45,386 3,362
Totals 2,978,797 220,669
Note: Subarea locations are shown in Figure 5-17.
ERAFS1\VOL|:RSAPPS\RSDATA\
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SECTION 6

CONCLUSIONS

Methods of contouring based on spatial interpolation are not entirely adequate in problems involving
contamination transport within industrial areas. More sophisticated schemes could be developed for this
purpose in order to construct a more reliable system of analysis. These schemes must include explicit
information about media in which the transport processes are unfolding. An analytical or numerical
model -of transport processes should be used for the data assimilation and parameter estimation.
Nevertheless, methods of spatial interpolation are useful for preliminary analysis and screening. Details
of distribution within small areas are subject to strong fluctuations and can serve only as the order-of-
fhagnitude estimations. The same can be said about the CSV estimations.

The figures in Section 5 reveal that distributions of different constituents are often similar. This
circumstance is important from a practical perspective. It suggests that removing the volume of soil
highly contaminated with a key contaminant (e.g., U-total) results in the removal of soils contaminated
with other constituents as well.

Developing reliable remediation criteria is a very difficult problem, much more so than the soil
quantification. In this situation, alternative approaches to soil quantification may be desirable. One
alternate 'approach could consist of using only those criteria which are currently considered the most
reliable. U-total is suggested for the role of this "key" contaminant. The fate of soils containing other
contaminants, with less established criteria for PRGs, could then be investigated based upon the removal
of soils containing uranium. ‘

Both the revised CSV estimates (Table 4-2) and the excavated soil volume estimates (Table 4-4) are less
than the volumes initially estimated (Table 4-1) using Figure 4-1. This is primarily due to an averaging
feature of the volume estimating software. By spatially interpolating between scattered data points in a
0-20 feet layer, the software artificially inflates the CSV estimates. By segmenting the layer into several
thinner layers, a more accurate aggregate CSV estimate is obtained.

The figures in Section 5 show that data is not distributed uniformly across the site. Because
contamination sources are well known based on the operational history of the FEMP, more data is
available close to known contamination sources. It would be reasonable to expect that contamination
concentrations would decrease with distance from the known source. However, confidence in the CSV
estimates would also decrease due to less data being available for analysis.

From Table 2-1, it can be shown that the number of measurements (data points) per feet decreases with
the depth of each layer. Therefore, the confidence in the CSV estimates for each layer will decrease as

ERAFS1\VOLI:RSAPPS\RSDATA\
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depth increases. The more measurements that are available in each layer, the more accurate the CSV
estimate.

Based on available soil monitoring data, the volume of soil contaminated with U-total at levels greater
than 35 pCi/g (76 ppm) is estimated to be about 600,000 cubic yards (Table 4-2). Roughly 40 percent
of these contaminated soils are in the 0-2 feet layer, 25 percent are in the 2-5 feet layer, 20 percent are
in the 5-10 feet layer, and about 15 percent are in the 10-20 feet layer. Seventy percent of the estimated
CSV is in OU-3.

It can be concluded that 800,000 cubic yards is a reasonable lower limit for the estimated volume of soil
requiring excavation. Due to the lack of adequate soil monitoring data in subsurface soils, especially in

the waste pits area, no upper limit estimate can reasonably be established at this time.

As additional data is made available by FERMCO, both the CSV estimate and associated excavated soil
volume estimate can be revised with greater confidence.
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SECTION 7

GLOSSARY

Gaussian Distribution
The most fundamental function of mathematical statistics. A Gaussian distribution is a
symmetrical, bell-shaped continuous distribution of accidental errors about their mean (Chow
1964). Its importance follows from the CENTRAL LIMIT THEOREM which states that the sum
~of a large number of arbitrarily distributed random values has a Gaussian Distribution ("Theé’ Law
of Large Numbers") (Korn 1968).

Kriging
Method of spatial interpolation in which the weight of coefficients are calculated via a spatial e
correlation function of the sample field. ' wny

Normal Distribution
The same as Gaussian Distribution.

Normal Equations
System of linear algebraic equations resulting from the method of Gaussian (normal) regression.

ERAFSI\VOL1:RSAPPS\RSDATA\
OU-5\PO-81\CONSLRVC 7-1




(Chow 1964)

(DOE 1993)

(Journel 1989)

(Korn 1968)

(PARSONS 1993a)

(PARSONS 1993b)

(Shieien 1992)
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PRELIMINARY REMEDIATION GOALS ‘

The constituents of concern for the Project Order 81 Soil Characterization and Quantification Study
Report were selected from Table 2-3 of Part III of Appendix 7 of the DOE’s Site-Wide Characterization
Report'. The preliminary remediation goals for these constituents are being used since neither Remedial
Action Objectives nor action levels have been determined.

To obtain an estimate of the amount of soil requiring excavation and treatment/disposal, 18 of the
constiruents listed in the Site-Wide Characterizarion Report were chosen as "key constituents”. These
contaminants were selected based upon their prevalence in FEMP soil and/or their toxicity. The goals
used for these contaminants were based upon the preliminary remediation goals for residental and
recreational land use. Recent direction indicated that the goals for recreational land use will be-used to
develop a conservative estimate of the amount of soil requiring excavation.

Preliminary remediation goals based upon dose limits were chosen for radionuclides. The goals were
based upon a 100 mrem dose limit for exposures to the general public (10 CFR 20) and Committed
Effective Dose Equivalent Dose Conversion Factors from EPA. The caiculated dose-based goals were
divided by 100 to account for the fact that the 100 mrem limit is for all exposures, while the goals are
for single exposure pathways and radionuclides.

The only radionuclide goal that was not developed based upon the 100 mrem dose limit was that for total
depleted uranium. The goal for total depleted uranium was based upon Nuclear Regulatory Commission
Branch Technical Position on "Disposal or On-Site Storage of Residual Thorium or Uranium (either as
natural ores or without daughters present) from Past Operations and the proposed rule for 10 CFR 834.
The preamble of proposed 10 CFR 834 - the codification of DOE Order 5400.5 - states that the limit of
35 pCi/g was developed from the RESRAD Code and associated implementation manual and ALARA
principles. Forty-seven properties in New York were remediated under the DOE Formerly Utilized Sites
Remedial Action Program. The cleanup of the 47 properties under this standard were evaluated. The
average maximum potential dose from post-remedial action use of the sites was less than 1 mrem per year
(58 FR 16276).

For chemical constituents of concern, goals developed based upon a 10 risk for incidence of cancer were
used because the goals account for multiple contaminants. In cases where this goal was not available for
a given constituent, goals developed using equations and parameters for soil ingestion and chemical-
specific Reference Doses from the Health Effect Assessment Summary Tables and the Integrated Risk
Information System were used.

! Site-Wide Characterization Report, March 1993. FEMP-SWCR.-3.
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PRELIMINARY REMEDIATION GOALS

(based upon recreational land use)

RADIONUCLIDES

Constituent Action Level (pCi/g)
Lead-210 155
Radium-226 3.8
Radium-228 7.7
Thorium-228 4
Thorium-230 1,520
Thorium-232 305
Uranium (depleted) 35

CHEMICALS

Constituent Action Level (mg/kg) ‘
Antimony 1,050
Arsenic 780
Beryllium 16 -
Lead 1,800
Mercury 780
Aroclor-1254 18
Aroclor-1260 18
Benzene 4,800
Benzo(a)pyrene 24
DDT 400
Tetrachloroethene 2,700

B A Dy
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LIST OF ACRONYMS AND ABBREVIATIONS

CERCLA Comprehensive Environmental Response, Compensation, and Liability Act

CRU CERCLA/RCRA Unit

CSF - Central Storage Facility

CY Cubic Yard

D&D Decontamination and Dismantling

DOE United States Department of Energy

FEMP Fernald Environmental Management Project
FERMCO Fernald Environmental Restoration Management Corporation
FY Fiscal Year

Kg/day Kilograms per day

MAWS Minimum Additive Waste Stabilization

ou Operable Unit

pCi/g picoCuries per gram

PO Project Order

RAO Remedial Action Objective

RCRA Resource Conservation and Recovery Act

ROD Record of Decision

RI/FS Remedial Investigation/Feasibility Study

SCQS Soil Characterization and Quantification Study
US EPA United States Environmental Protection Agency
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SECTION 1

INTRODUCTION AND OBJECTIVES

During 38 years of operation (1951-1989), the Fernald Environmental Management Project (FEMP) site
soils received varying amounts- of uranium contamination resulting from emissions and accidental spills.
* In addition, some FEMP site soils received organic and inorganic contaminants via similar mechanisms.

The United States Department of Energy (DOE) is currently undergoing the Remedial Investigation and
Feasibility Study (RI/FS) process at the FEMP. The RI/FS is the blueprint for clcanup at thc FEMP.
This process is being conducted under an Amended Consent Agreement between the DOE and the United
States Environmental Protection Agency (US EPA) executed on September 20, 1991. The RI/FS will
lead to issuance of a Record of Decision (ROD) establishing Remedial Action Objectives (RAOs) for each
FEMP Operable Unit (OU).

No standards currently exist for radiological contamination levels in soil (other than radium). However,
according to the US EPA-approved Treatability Study Work Plan for Operable Unit 5 Soil Washing (DOE
1992a), an action level of 35 pCi/g is consistent with levels set by the Nuclear Regulatory Commission
Branch Technical Position, "Disposal or On-Site Storage of Thorium or Uranium Wastes from Past
Operations,” as published in the Federal Register on October 23, 1981, and levels included in proposed
10 CFR 834. The 35 pCi/g treatment goal is not intended to supplant establishment of RAOs under the
ROD for each OU. Soil washing was one of several alternative treatment technologies identified for the
remediation of FEMP soils in the Initial Screening of Alternatives for Operable Unit 5 (DOE 1992b).

Large portions of the FEMP production area currently have total uranium concentrations greater than 35
pCi/g in soil depths up to 1.5 feet. Total uranium concentrations greater than 35 pCi/g below 1.5 feet
are primarily restricted to certain production and maintenance facilities. Concentrations of total uranium -
in FEMP soils outside the production area and the waste storage area are generally less than 35 pCi/g.
Exceptions include suspect areas such as the Fire Trajning Area, the Sewage Treatment Plant area. and
the rubble mound west of the K-65 Silos. Organic contamination occurs near facilities where chemicals
were used for process development or in conjunction with machining and maintenance operations.

The objective of the Soil Remediation Schedule Study is to analyze current OU remediation schedules and
plans to determine their impact on current CERCLA/RCRA Unit 5 (CRU-5) soil remediation schedules
and plans. FERMCO has provided an Integrated Site Master Schedule (FERMCO 1993) which outlines
the remediation schedule for each OU. In addition, PARSONS has met with representatives of each
FERMCO CRU and received contaminated soil volume estimates for each OU. PARSONS used the
results of the draft Soil Characrerization and Quantification Study (SCQS) (PARSONS 1993b), the
~ FERMCO CRUSs’ contaminated soil volume estimates, and current OU remediation schedules to prepare
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an integrated soil remediation schedule. PARSONS also developed a recommended soil remediation
schedule and plan, consistent with the OUs’ remediation plans, to better define the matcrial (soil) flow
requirements. The recommended soil remediation schedule and plan will be used as part of the technical
basis for the Project Order (PO) 81 Conceptual Design Report.
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SECTION 2

ESTIMATION OF CONTAMINATED SOIL QUANTITIES

Estimates of in situ contaminated soil quantities were obtained from both the FERMCO .CRUs and the
draft SCQS (PARSONS 1993). In cases of conflicts between FERMCO CRU estimates and SCQS
" estimates of contaminated soil quantities, the most conservative estimate was adopted for use in this study.

PARSONS met with representatives of each FERMCO CRU to discuss their OU remediation schedules
and plans, and their estimates of the quantities of contaminated soils requiring treatment. These meetings
were documented in PARSONS Meeting Minutes dated August 9, 1993 (05:081:100:0652-93) (sce
Appendix A).

2.1 Assumptions
PARSONS assumed the following in preparing this study:

1) FERMCO CRU-S anticipates one 20 ton/hour soil washing system operating from the end of
fiscal year (FY) 1997 through FY 2018. Due to the uncertain nature of current contaminated soil
quantity estimates, FERMCO CRU-5 will retain the flexibility to extend the operating life or add
additional soil treatment capacity if warranted.

2) Soils will be excavated based on the current OU remediation schedules as contained in the -
Integrated Site Master Schedule (FERMCO 1993). The excavated soil volume estimatcs were
spread out over time, based on the OU remediation schedules (e.g., equal portions of the soil
caps on the OU-1 Pits 1 through 4 will be excavated throughout the time period the pits are
remediated. However, Pits 5 and 6 soils will not be excavated until remediation of those pits is

completed).
3) Excavated soil will be immediately transported to a soil stockpile.
4 The soil washing systeml capacity is rated in tons of soil processed per hour. Therefore, the

estimates of contaminated soil volume were multiplied by an in situ density factor in order to
obtain mass estimates of soil requiring treatment. The following in situ density factors were
applied:

(1 1.35 tons/CY for existing soil stockpiles

) 1.76 tons/CY for all other soils
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S) In situ soil volumes must be multiplied by a swell factor of 1.3 to obtain ex situ soil volumes.

6) The soil washing system will operate continuously, 365 days per year, thrce 8-hour shifts per
day.
y)) The soil washing system will have an on-stream factor of 85 percent. The on-stream factor

allows for downtime due to maintenance, holidays, and unplanned equipment outages.

8) The soil washing system will have a processing efficiency factor of 75 percent. The processing
efficiency factor allows for variations in processing efficiency from rated capacity.

9 The composite processing factor is 62.5 percent ([.85]{.75] = .625). Thus, a 20 ton/hour system
has a nominal processing capacity of 12.5 tons/hour. Therefore, a 20 ton/hour system operating
24 hours/day, 365 days/year will process approximately 109,500 tons of soil annually.

2.2 Basis for Estimates of In Situ Contaminated Soil Quantities
2.2.1 Existing Stockpiles

According to the Operable Unit 3 Work Plan Addendum (DOE 1993a), there are approximately 36,300
cubic yards (CY) of contaminated soil and rubble contained in controlled stockpiles. According to the
Facility Utilization Report (DOE 1993b), controlled stockpiles are currently located North of Third Street,
adjacent to Plant 1, South of Plant 8, South of Building 80, and North of Building 67. The Third Street
stockpile is the largest controlled stockpile. It was closed in 1992 and contains approximately 23,300 CY
of contaminated soil and rubble (PARSONS 1993a).

2.2.2 0uU-1

The draft SCQS (PARSONS 1993b) estimated that OU-1 contained approximately 128,000 CY of
contaminated soil.

FERMCO CRU-1 has estimated that QU-1 contains approximately 294,500 CY of contaminated soil
requiring remediation. These contaminated soils are contained in the waste pit caps and liners, in soils
under and adjacent to the waste pits, and in the Burn Pit. The FERMCQO CRU-1 estimates of in situ
contaminated soil quantities are documented in FERMCO Letter M:CRU3:93-0511 dated July 23, 1993
(see Appendix B). The FERMCO CRU-1 estimate was used for this study.
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2.2.3 ou-2

The draft SCQS (PARSONS 1993b) estimated that OU-2 contained approximately 28,000 CY of
contaminated soil.

FERMCO CRU-2 has estimated that OU-2 contains approximately 85,850 CY. of soil requiring
remediation. These contaminated soils are contained under the Active Fly Ash Pile, in the Inactive Fly
Ash Pile cover and under the pile, under the Lime Sludge Ponds, in the Solid Waste Landfill, and in the
South Field area. The FERMCO CRU-2 estimate is documented in FERMCO Letter M:CRU2:93-0246
dated July 20, 1993 (see Appendix C). The FERMCO CRU-2 estimate ‘was uscd for this study.

2.2.4 ouU-3

The draft SCQS (PARSONS 1993b) estimated that OU-3 contained approxiniatcly 428.000 CY of
contaminated soil. '

FERMCO CRU-3 has not prepared an independent estimate of the quantity of contaminated soils
contained in OU-3. Instead, their estimate of 900,000 CY is based on an Enhanced Cost Study for Soil
Remediation at the FEMP prepared by PARSONS in September 1992. This estimate was calculated by
assuming that the first 1.5 feet of soil in the entire production are was contaminated. This estimate was
used for this study. ‘

2.2.5 OuU-4
Due to a lack of soil monitoring data, the draft SCQS (PARSONS 1993b) was unable to estimate the
quantity of contaminated soils contained in OU-4.

In the QU4 Feasibility Study (DOE 1993c), FERMCO CRU-4 estimated that 29,629 CY of soil will
require remediation. FERMCO CRU-4 assumes that all of the K-65 Silo berms and all the soils within
5 feet of the other silos will require remediation. The FERMCO CRU-4 estimate was used for this study.

2.2.6 QU-5

FERMCO CRU-5 has not prepared an independent estimate of the quantity of contaminated soils
contained in OU-5. The draft SCQS (PARSONS 1993b) estimated that OU-5 contained approximately
20,000 CY of contaminated soil.
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2.3 Summary

Table 2-1 presents the estimated in situ contaminated soil volumes to be excavated and treated in each

FEMP OU.

Table 2-1 - In Situ Contaminated Soil Volumes (All Volumes are in Cubic Yards)

Source SCQS Estimate F;sl:ix'act:) Volume Used
Existing Stockpiles N/A 36,300 36,300
oU-1 128,000 294,500 294,500
ou-2 28,000 85,850 85,850
ouU-3 428,000 900,000 900,000
ou-4 0 29,629 29,629
ou-5 20,000 N/A 20,000
Total 604,000 1,346,279 1.366,279
N/A = Not Available
ERAFSI1\VOL1:RSAPPS\RSDATA\
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SECTION 3

OPERABLE UNIT REMEDIAL ACTIVITIES

Figure 3-1 presents timelines of the OU remedial activities generating contaminated soil. The timelines
are based on the OU remediation schedules contained in the Site Integrated Master Schedule (FERMCO
1993).

Decontamination and dismantling (D&D) of the OU-3 production area facilities, as well as any
contaminated soils excavated during D&D, will be the responsibility of FERMCO CRU-3. FERMCO
CRU-5 will be responsible for excavating remaining OU-3 contaminated soils. OU-3 underground
utilities will remain in service throughout FEMP remediation efforts and will be one of the last items to
be remediated.

The SCQS (PARSONS 1993b) indicated that OU-5 contaminated soils were primarily adjacent to the OU-
3 production area. As a result, the OU-5 contaminated soils will be excavated along with the adjacent
OU-3 contaminated soils.

In addition to the activities shown in Figure 3-1, the following remedial activities are associated with the
treatment of contaminated soil or the residual contaminated fraction remaining after soil treatment:

1) The OU-1 Minimum Additive Waste Stabilization (MAWS) system provides soil washing, water
treatment, and vitrification of the contaminated soil fraction remaining after soil washing. The
MAWS system has an initial capacity of 300 kilograms per day (Kg/day) with an expansion
capability to 1,000 Kg/day. The MAWS system may be used to vitrify the contaminated soil
fraction from the OU-5 soil washing system. The MAWS system will begin operations in FY
1994,

2) Removal Action 17, Improved Storage of Soil and Debris, includes construction of proper storage

| facilities for soil and debris waste materials, including existing soil and rubble piles. A Central
Storage Facility (CSF), with a storage capacity of approximately 13,500 CY, is currently
scheduled to be completed in FY 1995. The CSF is intended to store soil contaminated with U-
total greater than 100 pCi/g, total thorium greater than 50 pCi/g, and total radium greater than
5 pCi/g. Soil contaminated below these limits may be stored in controlled stockpiles.

3) FERMCO CRU+4 plans to operate a Vitrification Plant for the treatment of residual materials
from the OU4 silos. The OU-4 Vitrification Pilot Plant begins operations in FY 1995 to further
develop the technology, obtain additional required design data, and demonstrate process
applicability to the materials stored in the silos. The pilot plant data will be used to design the
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Figure 3-1 - Remedial Activities Generatihg Contaminated Soil

ERAFSI\VOL1:RSAPPS\RSDATA\
OU-5\PO-81\SRSSPO8I

3-2

10/21 11:50, Rev. No.: A

— e

PR TG UIoN

t wauea

P




63?@4q

—

full-scale Vitrification Plant which is scheduled to begin operations in FY 1996. The Vitrification
Plant may be used to vitrify the contaminated soil fraction from the OU-5 soil washing system.

4) The Advanced Wastewater Treatment facility (inclusive of Phases I, 1I, and III) provides for the
treatment of uranium-contaminated process water, stormwater, and groundwater. PARSONS
assumes that the AWWT will provide process water for the soil washing system and treat soil
washing wastewater for reuse or discharge through an outfall to the Great Miami River or
Paddy’s Run. The AWWT is scheduled to be fully operational by FY 1998. '

’
s, %
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SECTION 4

CURRENT SITEWIDE SOIL REMEDIATION SCHEDULE

Table 4-1 presents the annual estimates of contaminated soil requiring treatment in each OU. This table
is based on current OU remediation schedules as contained in the Integrated Site Master Schedule
(FERMCO 1993) and the estimates of in situ contaminated soil quantities contained in Section 2. This
table summarizes the soil quantity estimates by OU remediation element presented in Appendix D.

The five largest annual soil quantities are gencrated between FYs 2000 and 2004. The following remedial
activities occur during this S-year period:

1) OU-1 will remediate Pit 1, Pit 3, Pit 4, and the Burn Pit.

2) OU-2 will complete remediation of the Inactive Fly Ash Pile, Active Fly Ash Pile, and the Lime
Sludge Ponds.

3) OU-3 will begin remediation of the production area soils.
4) 0OU-4 will complete remediation of the subsurface and surface soils.
5) OU-5 will begin remediation of the soils adjacent to the OU-3 production area.

Table 4-2 presents the quantity.of contaminated soil generated annually, the quantity of contaminated soils
treated annually, and the contaminated soil stockpile at the end of the FY. Approximately 91,258 tons
of contaminated soil will be stockpiled by the time soil treatment starts in FY1998. This stockpile will
include soil from existing stockpiles, Pit 6 soils, Solid Waste Landfill soils, and the K-65 Silo berm soils.
In situ volume estimates are multiplied by 1.3 to obtain an uncompacted (ex situ) volume estimate. Thus,
the soil stockpile at the start of soil treatment equates to approximately 78,400 CY of soil. The soil
stockpile at the start of soil treatment would require a storage capacity equivalent to approximately six
CSFs.

With the start of soil treatment in October 1997, the contaminated soil stockpile decreases steadily until
FY 2000. During the peak soil generation years between FYs 2000 and 2004, the soil stockpile peaks
at 445,864 tons (approximately 277,794 CY). At the end of soil washing operations in FY 2017,
approximately 194,524 tons (123,087 CY) remain in stockpile. The soil washing system must operate
approximately 22 additional months to eliminate the remaining stockpile. This information is provided
graphically in Figure 4-1.

ERAFSI\VOL1:RSAPPS\RSDATA\
OU-5\PO-81\SRSSPO81 4-1 11/08 9:41, Rev. No.: A

060165




Tabtes of Contaminated Soil Generation (In Tons)

FY Oou-3 ou-4 ou-5 Total
1993 0 0 49,005 49,005
1996 0 1,987 0 12,019
1997 0 7,948 0 30,234
1998 0 12,748 0 112,098
1999 0 10,263 0 76,960
2000 88,000 9,601 0 207,548
2001 88,000 9,601 0 173,555

2002 88,000 0 o] 23337
2003 88,000 0 0 199,799
2004 ) 88,000 0 7,040 117,773
2005 ) 88,000 0 7,040 95,040
2006 ) 88,000 0 7,040 95,040
2007 ) 88,000 0 7,040 95,040
2008 ) 88,000 0 7,040 95,040
2009 ) 88,000 0 0 88,000
2010 J 88,000 0 0 88,000
2011 0 88,000 0 0 88,000
2012 0 88,000 0 0 88,000
2013 0 88,000 0 0 88,000
2014 J 88,000 0 0 88,000
2015 0 88,000 0 0 88,000
2016 0 88,000 0 0 88,000
2017 0 88,000 0 0 88,000
Totals 71 1,584,000 52,148 84,205 2,384,52_4
45 ERAFSI\VOL1:RSAPPS\R
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Table 4-2 - Annual Soil Generation, Treatment, and End of FY Stockpile (In Tons)

FY Generated Treated EOFY Stockpile
1993 - 49,005 0 49,005
1994 0 0 49,005
1995 0 0 49,005
1996 12,019 | 0 - 61,024
1997 30,234 0 91,258
1998 112,098 109,500 93,856
1999 76,960 109,500 61,316
2000 207,548 109,500 159,364
2001 173,555 109,500 223,419
2002 233,373 109,500 347,292
2003 199,799 109,500 437,591
2004 117,773 109,500 445,864
2005 95,040 109,500 431,404
2006 95,040 109,500 416,944
2007 95,040 109,500 402,484
2008 95,040 109,500 388,024
2009 88,000 109,500 366,524
2010 88,000 109,500 345,024
2011 88,000 109,500 323,251
2012 88,000 109,500 302,024
2013 88,000 109,500 280,524
2014 88,000 109,500 259,024
2015 88,000 109,500 237,524
2016 88,000 109,500 216,024
2017 88,000 109,500 194,524
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' Annual Treatment Capacity

(@ 20 Ton/hr, 3 shifts/day= 109,500 tons)

1999 2000 2001 2002 2003 2004 2006 2007 2008 2009 2010 2011 2012-2013 2014 2015 2016 2017

OU TOTAL

6336 0 | 40246 | 35631 | 97471 | 53485 145373111799 | 22733 0 0 0 0 0 0 0 ol 0 0 0 0 0 513,074

3696 2é286 59104 | 31066 | 12476 | 22469 0 0 0 0 y) 0 0 0 0 0 0 ‘ 0 0 0 0 0 151,096

0 ' 0 0 0 | 88000 ( 88000 ( 88000| 88000| 88000( 88000| 88000| 88000( 88000 88000 | 88000 | 88000 88000 | 88000| 88000 | 88000 | 88000| 88000 | 1,584,000

1987 | 7948 | 12748 | 10263| 9601| 9601 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 52,148

49005 0 0 -0 0 0 0 0] 0 0 3960] 3960( 3960| 3960 3960 0 0 0 0 0 0 0 0 0] 84,205
49005 0 | 12019 | 30234 |112098 | 76960(207548|173555(233373[199799 117773 | 95040 95040( 95040| 95040 88000 | 88000 | 88000 | 88000 | 88000| 88000 | 88000 | 88000| 88000 | 2 384 524
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Figure 4-2 shows that current QU remediation schedules result in the amount of contaminated soils
excavated in FY's 1998 and 2000 through 2004 exceeding the annual treatment capacity of the 20 ton/hour
system. This is primarily due to the current remediation schedules of OUs 1 and 3.
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2003 2004 2005 2006 2007 2008 2009 2010 2011 = 2012 2013 2014 2015 2016 2017

Figure 4-2 - Annual Contaminated Soil Generation
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SECTION 5

RECOMMENDED SITEWIDE SOIL REMEDIATION STRATEGY

Several variables must be considered when developing an optimized sitewide soil remediation strategy.
The primary variables are:

1) . The capacity of the soil treatment system

2) The operating life of the soil treatment system
3 The size of the soil stockpile

4) The quantity of soil excavated annually

5.1 Treatment System Capacity

The largest commercially available soil washing systems are typically rated at 20 ton/hour capacity. On
average, the soil washing system will have to process 119,498 tons of contaminated soil per year during
a 20-year period. This equates to a nominal processing capacity of 13.64 tons/hour and a rated capacity
of 21 tons/hour.

A 20-ton/hour system will be adequate if an on-stream factor of 91 percent can be maintained. This high
on-stream factor may be achieved if the system is operated during holidays and adequate spares are
maintained to reduce unscheduled downtime.

5.2 Operating Life

Assuming the composite processing factor is maintained at 62.5 percent, the 20 tons/hour soil washing
system will have to operate for approximately 21 years, 2 months to treat the quantity of contaminated
soil estimated to be generated by the OUs.

5.3 Soil Stockpile Size

Based on current OU remediation schedules, and a 20-ton/hour soil treatment capacity, the contaminated
soil stockpile will peak at 445,864 tons in FY 2004. This mass equates to 277,795 CY of ex situ
contaminated soil, requiring storage capacity equal to approximately 21 CSFs.
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The Removal Action 17 CSF will have a storage capacity of approximately 13,500 CY for soil
contaminated with U-total greater than 100 pCi/g. If loose, stock-piled soil is assumed to have a density
factor of 1.35 tons/CY, the CSF capacity equates to approximately 18,225 tons. Engineering studies have
not estimated the quantity of contaminated soil exceeding 100 pCi/g U-total. For the purpose of this
study, it is assumed all contaminated soil will be stored in the CSF. If the soil stockpile size is limited
to the storage capacity of the CSF, some type of interim soil treatment will be required to reduce the
existing soil stockpile. Table 5-1 illustrates that using current remediation schedules, the treatment system
capacity will have to vary between 14 tons/hour and 42 tons/hour to avoid exceeding the storage éapacity
of the CSF. It would not be cost effective to vary the treatment system capacity because of the high
capital costs of the treatment system equipment.

5.4 Soil Excavation Schedules

If the treatment system capacity remains constant at 20 tons/hour, and the soil stockpile size is limited
to 13,500 CY (18,225 tons), the quantity of soil excavated annually must be controlled. As a result,
current OU remediation schedules will have to be revised.

As shown in Figure 4-2, current OU remediation schedules result in the amount of contaminated soils
excavated in. FYs 1998, and 2000 through 2004 exceeding the annual treatment capacity of the 20-
ton/hour system. By revising the remediation schedules of OUs 1 and 3, and subsequently the quantity
of contaminated soil each OU generates annually, the size of the soil stockpile can be maintained below
18,225 tons.

Table 5-2 presents an optimized soil generation schedule. OUs 1, 3, and 5 remediation schedules were
revised to ensure the soil stockpile was maintained below 18,225 tons. The following revisions were
made to the current OU remediation schedules:

1) QU-1 remedial activities were rescheduled as shown in Table 5-3. This table shows only one of
many possible remediation scenarios. The final QU-1 remediation schedule will be determined
by FERMCO CRU-1.

2) D&D of the OU-3 production area facilities is expected to generate small quantities of
contaminated soil. These soils are not broken out separately in this study but instead are included
in the total OU-3 contaminated soil quantity estimate. In Table 5-2, excavation of OU-3 soils is
scheduled from FY 2002 through 2018. The annual soil generation quantities are maximized to
ensure that the full processing capacity is maintained while still maintaining the soil stockpile
under 18,225 tons.
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Table 5-1 - Treatment Capacity vs. Soil Stockpile (All Quantities in Tons)

FY Soil Generated Treatment Soil Processed Soil Stockpile
Annually Capacity

1993 49,005 0 49,005
1994 0 0 49,005
1995 0 0 49,005
1996 12,019 0 61,024
1997 30,234 0 18,225*
1998 112,098 21 114,975 15,348
1999 76,960 14 76,650 15,658
2000 207,548 38 208,050 15,156
2001 173,555 32 175,200 13,511
2002 233,373 42 229,950 16,934
2003 199,799 37 202,575 14,158
2004 117,773 21 114,975 16,956
2005 95,040 18 98,550 13,446
2006 95,040 17 93,075 15,411
2007 95,040 17 93,075 17,376
2008 95,040 18 98,550 13,866
2009 88,000 16 87,600 14,266
2010 88,000 16 87,600 14,666
2011 88,000 16 87,600 15,066
2012 88,000 16 87,600 15,466
2013 88,000 16 87,600 15,866
2014 88,000 16 87,600 16,266
2015 88,000 16 87,600 16,666
2016 88,000 16 87,600 17,066
2017 88,000 16 87,600 17,466

*(13,500 CY)(1.35 ton/CY) = 18,225 tons. Assumes interim treatment is provided to reduce the existing

stockpile and treat a portion of the soils generated in FY1997.
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Table 5-2 - Optimized Soil Generation Schedule (All Quantities in Tons)

FISCAL SOILGENERATED SO SO
YEAR | OU=1 | OU=2 | OU-3 | OU-4 | OU=5 | TOTAL | PROCESSED!| STOCKPILE
1993 3900 49005 0 49005
1994 0 0 49005
1995 0 0 49005
1996 6336 3696 4087 12019 0 61004
1997 29986 7948 30234 0 182254
1998 35846] 59104 12748 107698~ 109500 16423
1999 64749 31066 - 10263 106078 109500 13001
2000 85967 12476 9601 . 108044 —09500 11545
2001 77430] 22469 9601 109500 —409500 11545
2002 88717 20493 7040 116180 109500 18225
2003 85755 16705 7040 109500 109500 18225
5004 68274 34186 7040 109500 109500 18225
5005 102460 7040 109500 109500 18205
2006 102460 7040] 109500 109500 18225
5007 109500 100500] 109500 18225
2008 109500 109500 109500 18225
2009 109500 109500 109500 18225
5010 109500 109500 —109500 18225
2011 109500 109500 —108500 18205
2012 109500 . 109500 109500 18225
2013 109500 100500 109500 18205
2014 109500 109500 1095001 18205
2015 109500 109500 —{09500 18225
2016 109500 109500 109500 18295
2017 109500 109500 109500 18225
2018 103266 103266 109500 11991
2019 11991 0
TOTALS | 513074 151007] 1584000]  52148]  BAX5| D304504

* (13,500 CY)(1.35 Ton/CY) = 18,225 Tons. Assumes interim treatment is provided to reduce the existing stockpile
and treat a portion of the soils generated in FY 1997.
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Table 5-3 - Revised OU-1 Remediation Schedule (All Quantities In Tons)

Fiscal Year Remedial Activity Soil Generated Fiscal Year
Total
1996 Pit 6 6,336 6,336
1997 None 0
1998 Pit 1 Cap 2,992
1998 Pit 5 32,854 35.846
1999 Pit 2 Cap 7,392
1999 Pit 1 Liner 32,032
| 1999 Pit 1 Area Soils 25,325 64,749
. 2000 Pit 2 Liner 15,840
2000 Pit 2 Area Soils 16,799
2000 Burn Pit 53,328 85,967
2001 Pit 3 Cap 38,870
2001 Burn Pit Area Soils 38,560 77,430
2002 Pit 3 Cap 63,021
2002. Pit 4 Cap 25,696 88,717
2003 Pit 3 Cap 63,022
2003 Pit 4 Liner 5,456
2003 Pit 4 Area Soils 17,277 85,755
2004 Pit 3 Liner 17,072
2004 Pit 3 Area Soils 51,202 68,274
Total 513,074
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3) OU-5 contaminated soils are primarily located adjacent to the OU-3 production area. As a result,
they will probably be excavated when the adjacent OU-3 soils are excavated. In Table 5-2 the
OU-5 soils are shown excavated in equal amounts between FYs 2002 and 2006.

4) The operating period of the soil washing system is extended an additional 2 years to FY2019.
In FY2019, the soil washing system will only operate until the EOFY2018 stockpile is eliminated.

FERMCO-CRU-5 is responsible for all of the production area soils remaining after the D&D of the
production area facilities, as well as the contaminated soils adjacent to the production area. In addition,
CRU-5 is responsible for the soil treatment facility. As a result, FERMCO CRU-S will determine the
optimum excavation schedule for more than 71 percent of the estimated contaminated soils at the FEMP.
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PARSONS
ERA PROJECT

MEETING MINUTES

Date: August 9. 1993
Page: | of 4
PARSONS ID#: 05:081:100:0652-93

SUBJECT OF MEETINGS: Preliminary Soil Remediation Integration Meetings

RELATED PROJECT ORDER: PO-81, CDR for OU-5 Soil Remediation
DATE OF MEETINGS: August 3 - 4, 1993
LOCATION: A VARIOUS
ATTENDEES: FERMCO PARSONS

D. Brettschneider R~-Beestin

B. Crapse R. Chernikotf

D. Gerrick

R. Heath

G. Jones

J. Krieger

T. McClamroch

B. Tope

~ J. Wellinghott
PURPOSE: To establish the groundwork for tuture soil remediation integration meetings.
DISCUSSIONS:

Over the course ot two days, PARSONS and FERMCO CRU-5 met with representatives trom each FERMCO
CRU to discuss the schedule and scope ot soil remediation for each OU.

On August 3, 1993, at 10:00 a.m., PARSONS and D. Gerrick of FERMCO CRU-5. met with B. Crapse. G.
Jones and J. Wellinghott of FERMCO CRU-2. At 1:00 p.m.. PARSONS and D. Gerrick met with J. Krieger
and T. McClamroch of FERMCO CRU-3.

On August 4, 1993, at 10:00 a.m., PARSONS and B. Tope of FERMCO CRU-4, held a telecon with D. Gerrick
and D. Brettschneider of FERMCO CRU-5. At 3:00 p.m., PARSONS and D. Gerrick met with R. Heath ot
FERMCO CRU-1. '
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Meeting Minutes
August 9, 1993
Page 3

FERMCO CRU-3 is using the soil volume estimates prepared by PARSONS as part ot the Enhanced Cost Study
for Soil Remediation at the FEMP (PARSONS Letter P-H-OU5A-063, dated September 30, 1993). FERMCO
CRU-3 has not prepared an independent soil volume estimate. All soils within the boundaries ot QU-3 are now
the responsibility of FERMCO CRU-5. The exception is those soils excavated in the process of demolishing
building foundations. For the purpose of the SCQS, PARSONS will assume building foundations will be
excavated | year atter the building is demolished. PARSONS will levei-load the OU-3 soils in the site-wide suil
remediation schedule.

FERMCO CRU-4 expects there will be high levels of Lead and Radium contamination in the silo herms.
FERMCO CRU-4 has pfepared a table of estimated waste volumes as part of the OU-4 Feasibility Study.
FERMCO CRU-4 estimates approximately 30,000 cubic yards of soil will require treatment,. FERMCO CRU-4
assumes all the K-65 silo berm soils will require treatment. All the soils within 5 feet of the other silos are
assumed to require treatment. FERMCO CRU-4 expects that some OU-4 soils will have to be stored on-site
awaiting the start-up of the soil washing system.

FERMCO CRU-1 has prepared estimates ot the volume of QU-1{ soils requiring treatment. These estimates range
between 200,000 and 700,000 cubic yards. FERMCO CRU-! is assuming the waste pit soil liners, and 3 teet

of soil under the liners, will require treatment. FERMCO CRU-1 plans to accomplish soil borings around the
waste pits this year.

AGREEMENTS: None.
TRANSMITTALS: Table - OU-2 Waste Volumes.

ézgiwﬂﬁm)/z;:W§\;

Richard W. Brettin, Project Engineer, CRU-5
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Restorgnon Management Ccrporaiien

INTEROFFICE MEMORANDUM

To: Dennis Beissel Date: July 23, 1993
Location: 7 T-77 ) . B Referanca:
From: Jerry Krieger FERMCO 4:  M:CRU3:93-0511
Locasan:  T.76, MS 76 / Client: 00E O0DE-AC05-920R21972
Extension:  738-86593 Subject: CERCLA/RCRA Unit |
Concurrence of Waste Volume
Estimates
c: Hontas Bailey Stace 0Oahl Troy McClamroch
Phil Beirne Erich Evered Jerry McGuire
Art Bomberger Rick Heath Frank Peters
Terry Borgman Fred Jebens Wilf Pickles
Brad Catanach Jim King B8i1l1 Zebick

Todd Clark George Latulippe CRU3 Project Files

Attached are the volume estimates for CERCLA/RCRA Unit 1 (CRUI) potentially
contaminated wastes based on the best available information as of June 0.
1993. The estimates provided are for in-place volumes and, in generai. aire
not equal to the voiumes of materials that might occur because or the tvpes of
treatments, packaging, and associated bulking factors resulting from the
remediation efforts. [f this attachment changes in any way due ta further
studies, this information must be passed along to me in order that [ may keep
an up to date file. [t is my intention, ‘however, to check with you on at
teast a quarterly basis to obtain any new or relevant information.

Please indicate your concurrence with the CERCLA/RCRA Unit | in-place waste
volume estimates and agreement to provide updated waste volume estimates to me.

If you have any questions concerning this matter, please contact me at 738-8659.

| Concurrence: /QWW Date: 3/‘/{/?3

Dennis Beissel, Oirector
CERCLA/RCRA Unit 1

TIM:GJIK:wiw
Attachments
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TABLE OU-1 ‘
Estimalte of In Situ Quantities ?
Operable Unit 1 ' |
MATERIAL VOLUME® DENSITY?* WEIGHT | COMMENTS
o Cubic Yard{ Cubic Meted Tons/ °| * Metric Metric I
(x4} (@) 1 y@ | Toswm® |  Foas Tons
Pt 1. o o
_.Pit ¥ cap, clean raction after soll washing e | 13601 M040f 135 1601 1,836/ 1,665 Noshipment off -site, backlill on-sile
__Pit1cap residualatier soilwashing, | 30f 260l 13s|  r1eof  4s9f  a16]
Pil 1 sludge ) _48,500] 37,083 1.62 1.92) 78,5701 71,271 o o
Pit 1 liner, clean fraction atier soil washing | ero0| essaf vas| veof 12285 11.144] o shipment ofi-sie, backiion-sis
Pit 1 liner, residual after soil washing _ __‘91,]9_9_ 6,958 1.35 160y 12285| w44
Subtolals | __68,400f 52299 _105,435] 95,640 i L
Pil 2 o 1 ' o
Pit 2 cap, clean fraction after soil washing ] 3360 2,569 1.35 160} 4,536 4,115] No shipment oft-site, backfili on —site
Pl 2 cap, resldual atter soll washing N 642  1.35 160 1034] 1029
__Pit2sludgs : | 24,200f 18503] 162 1.92] 39.204| 35562 ‘ o
__Pit21iner, clean fraction afier soif washing 4500 3441] 1351 160 6.075 _' 55111 N h’gmenl aff - site, backlill on-site
__Pit2liner, residual after soilwashing .~~~} 4500] 3441} 1.35| 160} 6075] 5511 E B B
Subtotals _ 37,4001 28,596 _51.024) 51,726 ' N
'c Pit3 — e . i —— l e e e
C Plt 3 cap, clean fraclion after soil washing - 74,9601 57,314 1.35] 1.60]1 101,196] 91, Zs_i§ No snjgg]e_qggg_ilgg_ l_)ggl_qg!!gg_g!g
S | Pnacap, residual atter soilwashing | _18740f 14,329] 135  1.60| 25233] 22949 |
g _ Pit3sldge 204,100 1560551 = 1.45]  172] 235945 2684521 _
&1 piugiiner, cloan traction ater soil washing 4850 3708 135 160 6548  5.939f Noshipment off-site, backhil on-sile
| _puauner resiavataner sonwasing | asso| azos| _vas| veo| esel ssmsl .
i:: Subtotals 307,5001 235,115 435,635| 395,074
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TABLE OU-1
Eslimate of In Situ Quantities
Operable Unil 1

MATERIAL VOLUME? DENSITY ¢ WEIGHT COMMENTS
o Cubic Yard{ Cubic Mcted  Tops/ “Meric Mcmc o
(yd') () | iy Tooi/m’ Tons “Tons
Plt 4 o _
Pit 4 cap, clean fractian alier soil washing 11,680 8,931 1.35 1.60] 15,768| 14,303 No shipmeni oft—site, backlilon-sita
Pit 4 cap, residual after soll washing _| .. 29%0) 2233) 13sf 1.60) 39421 3S76f . . ..
__Pit4sludgs . e ss.100[ 42720] 162]  192) e9.262) 809870}

Pl  iner, cloan racion afer soll washing | vssol wass|  vas|  a.eof  2093]  1,898] No shipmani off —site, backlilion-site
P14 liner, residual afler soil washing 1,850 1,185 1.35 1.60] 2,093 _1898¢
Sublotais 72,800 55663 _naas7] 102,645 _
P" ) - e} ~ — .- i = | ————— ———— e am - -

Pit 5 sludge _97.900{ 74854] 120 142} 1 gg 480f w6566y 3
Pit 6 R R P I

Pll68ludge 9,600 7,340 1.20 i.42] 1s20f 10480 _
Clearwelt - e —— e NI
_Clearwell sludga _ — 9299 __2829] 120|  t142] 4440} 4028} .

Clearwell liner ~ 600} 4591 135 160] 810} 735 .
Subtotals 4,300 3,288 5250|4762 .
Burn £t S . . _

Bum pil conlammaled sonl clean lraction alies s0il washiny 15,150 11,584 162 192 24,543 22,263} No §!upn_|_e_3r{! oll - sue, backhill on - iy
.. Buin pit confaminated soil, residual afler soil washing 19.150| 11s84)  1e2]  192] 24.543| 22269
Subtolals 50,300 23;167 49_0861 44,526




TABLE OU-1
Estimate of In Situ Quantities
Operable Unit 1

VOLUME® T DENSITYR? | WEIGHT — COMMENTS
Cubic Yard{ Cubic Meted Tons/ | * Metric T Merie , BEEE S
(y4?) - (Y ‘yd? T'o:nggf Tons Tona
Contaminated Sall (3' average depth under piis) . o ~ o
Soll, OU1 pit area; clean fraction atter soll washing | 88,000] 67,285 1.35 1.60] 118,800]| 107,763] No shipment ofi-sile, backfill on-site
Soll, OU1 pit area; residuai after soil washing _ 22,000| 16,821 1.35 160f 29700y 26941 0
Sublolals - _ | 1m0000] savos] | | wsseo| wazesf
Totals (All Malerials) 738,200] 564,428 1,042,987 946,094

References and Notes:

a. Parsons ERA Project PO - 10 drah, July 1993, Wasle Pit Contents Sludy Report

b. Parsons ERA Project PO—-08, Nov. 1991, Materials Handling Study Far the Engineered Trealment, Packaging & Staging Facility, Vol. 2 of 3, Appendix D,
Table D-11

c. Eslimated dry dansity.
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Restorafion Monccemerﬂ Corporaion

INTEROFFICE MEMORANDUM

Te: Ken Kepler Date: July 20, 1993

Location:  T-2§ ~ Reference:

From: Greg Jones<:f7'l FERMCO #:  M:(CRU2:93-0246

Location:  T-78 | Cliant: DOE  DE-AC05-920R21972
Extension:  §]33 Subject:

" CRU2 Waste Volumes

c: File Record Storage Copy 106.4.6.7
S. Garland
J. Marsh
W. Morris

The attached table presents the most current CRU2 estimate of waste volumes
associated with each of the CRU2 subunits. Please use these volumes in any
ongoing cost estimates in lieu of any earlier volume calculations.

GNJ
Attachment
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88T000

. Calkulation S

61. 250 cy between 52 & ‘02 topos, 69,000 cy Pafsons COR

£5,0503gRx 1 Rdeep x20%

Volume between '32 and ‘92 lapos mmnus upper 4 feet
Based on existence of contaminated ground wales.

Based on exatence of contaminated ground water; 80%
Based on exnlence of cantaminated ground water; 20%

| Approx. 300 ft long by 330 A wkte x 20%

N:150'x250'x7"; S:150'x250'x11.5"; Bottom slap e2 aubyscted
Approx. 300 ft long by 350 A wide x 80% i

Valume betwwen '52 and ‘92 topos, w/otep 1 8

Estimated hot spot volume .

Estimated Volume swiounding hot spots x 80%

Catimated Volume sigrounding hed spats » 20k, ,

20~an-9)

o Operable Unit 2 — Waste Volumes s
R 1_ Probable ( Oosﬂnahon r
Ouannly Ouanaty )
Onsite Offsite !
e . Waste e . Type _fcuyds) | (cuyds) | Disposition 1. e
Active Fly Ash Pile
Fiy Ash Residual or Nordoxk 69.000 Cepped in place
in—situ Soil: Clean Fraction after Soil Washing Solid or Resduai 2,850 Soil washed by OU §; retuned for capping n place 95.0508q.ftx 1 Ndesp x 80%
In—situ Soil: Residual afier Soil Washuy . _|Haz orSold o 700 | Soil washed by OU §; bamsported to offage dsposal
inactive Fly Ash Pllo
1’ Cover Material: Clean Fraction afier Soil Washing Soixd or Residuai 4,100 Soil washed by OU §; returned for capping © [138.0783q.ft x 1 R deep x 80%
1° Cover Material: Residual after Soif Washing Haz. or Sold 1.000 | Soil washed by OU §; puise dry; dispose offsite 138,078 3q.8 x ! Adeep x 20%
Next 3' Cover: Cisan Fraction afier Soil Washing Solid or Residual 12,250 Sod Wash (CRU 2Responsile); Placed under cap 138,0783q R x ANt deep x 80%
Next 3’ Cover: Residum! afier Soll Washing Haz. ot Soid 3.050 Soil Wash (CRU 2 Respomable); pulse dry, dspose offste ] 138.078 sq. x IR deep x 20%
Fly Ash Resldual or Nortoxic 01.450 Placed in South Fiekd and capped
Urwashable Materlal Haz. or Sold 2.000 | Pulse dried and Fanmported offsfe for dup osal
Around Unwashable: Clean Fraction after Soil Washing | Solid or Residual 4,000 Sod Wash {CRU 2 Responsbis); Placed under cap
Around Unwashable: Reaidual after Sod Washing _{Haz orSold R 1,000| Soit Wash (CRU 2 Responsbie). puise dry, dispose offste
Lime Sludge Ponds .
Sludge Residual or Nordoxic 19.700 In Sau Stebilzation; cap in place
In-1situ Soil: Clean Fraction after Soil Washing Solid or Residual 3.100 Sodwashed by OU 3; retuned for capping in place
__In=situ Soil: Residual efler Soil Washing Haz orSold e § . 800[Sodwashed by OU §; tansported to offsde dspozal
Sold Waste Landfil
Top 1 ft: Clean Fracton after Soil Washing Sold or Aesidual 1,050 Soiwashed by OU §; retuned for capping in place 1.5Acres x 1 ft x 80%
Top 1 ft: Residua! afler Sod Washing Haz. or Soid 500 | Soil washed by OU 5; bansported 10 offafle disposal 1.5 Acres x 1 t % 20%
Urwashable Material Haz. or Sold 7501 Pufse dired and tansp orted offstte tor disposal Estmated hot spot volume
Asound Unwashable: Clean Fraction after Sol Washung | Sold or Resxiual 1,400, Soid Wash (CRU 2Resporsble); Placed under cap 1755 cuyd. x 80%
Around Unwashable: Residual after Soif Washing Haz. or Sold 350, Sod Wash (CRU 2 Resporabie). puise dry. dspose offtte | 1755 cu yd. x 20%
.. Remaining Waste Materia) o JResidusior Nontoxic | © 92,5000 Ceppedinplace
[ South Field
Top 1 ft: Clean Fraction after Soil Washing Solid or Aesikdual 15450 Sodwashed by OU $; retuned for capping in place 522,250 sq Mt x V.0 deep x 80%
Top 1 R Resxdual after Yo Washing Haz or Solnd 3.850| Soiwashed by OU 3, tansported {0 offste dsposal $22.2505q N 2 1.0Rdesp x 20%
Next 0.73 Rt: Clean Frachion afer Soil Washing Sold or Resduat 11,600 Soul Wash (CRU 2 Responatile), Placed under cap 522.2508q R x 075 Rdeep x 80%
Nex1 0.75 R: Residual afler Sod Washing Haz. or Sold ! 2.000| Sod Wash (CRU 2 Responsbile), pulse dry, dspose offate § 522,2508q R x 0 73 Ndeep x 20%
Uirwashabie Matesial Haz or Said |0,000!Pulu dred and bansported offstte for dsposal
Around Unwashable: Clean Fiaction after Soif Washing | Soldd or lleskiual 12,000 ,.’:onl Warh ((Fi(J 2 Responahiej, Placed urdder cap
_Around Unwashable Residus! after Soul Washing Haz or Sold _ _3,000 | Soil Wash (CRU 2 Responable), pulse dry, dspose offsfe
OuU 2 Totals n,_\ ; Ty T ’ ‘
Residuai ar Nomtoxic 242,650, ! .
Soid or Resxdual ‘ 68,700 l .
—_— — ] . Az oesem 209000 i
Revinon 0
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ANNUAL CONTAMINATED SOIL EXCAVATION BY QU AND ELEMENT

Ou-1 e Oou-2¢ QU-3 i OU-4 ‘ OU-5 i ANNUAL TOTALS
FY ELEMENT CY | TONS 1. ELEMENT CY [ TONS ELEMENT CY [ TONS i ELEMENT [ CY [ TONS ELEMENT T CY [ TONS CY T TONS
= | ‘ ; Existing Stockpiles | 36300] 490051  96300] 49005
1994 . 0 0
1995 : 5 3
1996 |Pit6 3600 6336 Solid Waste Landfill 2100 3696 i Berm Soils {129] 1987
Subtotal  3600| 6336 Subtotal 2100|3696 | Subtotal  1129| 1987 68291 12019
1997 Solid Waste Landfill 21001 3696 Berm Soils 4516 7948 .
South Field 10563 18590
Subtotal 12663| 22286 Subtotal 4516| 7948 17179 30234
1998 |Pit2Cap 4200  7392]Inactive Flyash Pile - 5907] 10396 Berm Soils | 4516] 7948
Pit5 18667 | 32854 |South Field 12675 22308 Subsurface Soils | 2092 3682
South Field Hot Spots | 15000| 26400 Surface Soails 635 1118
Subtotal 22867 40246 Subtotal 33582| 59104 Subtotal 7243| 12748 63692| 112098
1999 |Pit1 Cap 1700] 2992{Inactive Flyash Pile 7088 12476 Berm Soils 376 662
Pit 2 Liner . 9000| 15840 | South Field 10563| 18590 Subsurface Soils 4185| 7366
Pit 2 Area Soils 9545| 16799 Surface Soils 1270] 2235
Subtotal 20245| 35631 Subtota| 17651| 31066 Subtotal 5831| 10263 43727 76960
2000 |Pit 1 Liner 18200| 32032{Inactive Flyash Pile 7088 | 12476 | Process Area Soils|  50000| 88000 | Subsurface Soils | 4185 7366
Pit 1 Area Soils 14389 | 25325 Surface Sails 1270 2235
Pit 3 Cap 22792| 40114 :
Subtotal 55381 [ 97471 Subtotal 7088 | 12476 Subtotal 50000| 88000 Subtotal  5455{ 9601 117924| 207548
2001 [Pit3Cap 30389| 53485|Inactive Flyash Pile 5316] 9357 | Process Area Soils| 50000| 88000 | Subsurface Soils 4185 7366
Active Flyash Pile 3550 6248 : Surface Soils 1270| 2235
Lime Sludge Ponds 3900| 6864
Subtotal 30389| 53485 Subtotal 12766 22469 Subtotal 50000| 88000 Subtotal 5455| 9601 '08610| 173555
2002 [BurnPit 30300( 53328 Process Area Soils| 50000 88000
Burn Pit Area Soils | 21909| 38560
P | 2 :
ubtota 7 ubtotal 50000( 88000 13259
2003 |Pit3Cap {0130 17829 Process Area Soils| 50000] 88000 32208 233973
Pit 3 Liner g700( 17072
Pit 3 Area Soails 29092| 51202
Pit 4 Cap 14600 25696
___ Subtotal 63522| 111799 Subtotal 50000| 88000 113522| 199799
2004 |Pit 4 Liner 3100} 5456 Process Area Soils| 50000 88000 Soils Outside OU=3[ 4000 7040
PR e B ;
ubto ubtotal 50000| 88000 Subtota|  4000| 7040| 69898| 117773
2005 A Process Area Soils| _50000] 88000 Sails Outside OU=-3]  4000] 7040 54000 85040
2006 Process Area Soils| 50000] 88000 Sails Outside OU=3| 4000 7040] 54000] 95040
2007 Process Area Soils| 50000 88000 Sails Outside OU-3[ 4000 7040] 54000] 950
2008 Process Area Soils| 50000] 88000 Soils Outside OU~-3[ 4000 7040] 54000] 95040
2009 Process Area Soils| 50000| 88000 50000 88000
2010 Process Area Soils| 50000| 88000 50000 88000
2011 Process Area Soils| 50000 88000 500001 83000
2012 Process Area Soils| 50000} 88000 50000] 88000
2013 Process Area Soils| 50000] — 88000 50000188000
2014 Process Area Soils| 50000] 88000 50000 88000
2015 Process Area Soils| 50000 88000 50000188000
2016 Process Area Soils| 50000 88000 50000 88000
017 | ‘ Process Area Soifs| 50000 88000 50000188000
TOTALS 2945001 5130741 858501 151097 9000007 1584000 296291 52148 56300 842051 13662731 23845241 -
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SECTION 1

INTRODUCTION

This Technical Evaluation Report presents the results of preliminary engineering studies performed by
PARSONS in support of the Conceptual Design Report (CDR) for Operable Unit 5 (OU-5) Soil
Remediation.

This section provides project background information and- an overview of the objective-and scope of the -

Technical Evaluation.
1.1 Objective

During approximately 38 years. of uranium refinery operations (1951 - 1989), Fernald Environmental
Management Project (FEMP) site soils received varying levels of contamination from airborne deposition.
In addition, leaks and spills from processing activities within the former production area have resulted
in soil contamination. FEMP soils contain inorganic contaminants, including radionuclides and metals,
as well as organics.

The Initial Screening of Alterhatives for Operable Unit 5 (DOE 1992a) ;dentiﬂed several technologies and -

process options considered potentially applicable for the remediation of FEMP soils. Among the
treatment processes considered was soil washing. Soil washing is an ex situ treatment process employing
both physical separation and chemical extraction steps to separate the contaminant from the soil matrix.

Fernald Environmental Restoration Management Corporation proposes to construct a soil washing facility -

which will treat contaminated soil from all the FEMP OUs. Contaminated soils will be excavated,
transported to the treatment facility, treated for the removal of contaminants, and stored temporarily until
they are reused at the FEMP (e.g., for unclassified backfill).

Under Project Order 81, PARSONS was tasked with preparing a CDR for the OU-5 soil remediation

project. United States Department of Energy (DOE) Order 4700.1 requires that project scoping studies
and technical alternative evaluations be performed prior to entering the design phase of a project.

1.2 Scope of Evaluation | .

The primary objective of this Technical Evaluation is to fulfill the DOE Order 4700.1 requirements. The
scope of this Technical Evaluation includes, and the report is organized, as follows:

ERAFS1\VOL1:RSAPPS\RSDATA\
OU-5\PO-81\SOILWASH 1-1 11/05 2:44, Rev. No.: A
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9] Section 2 provides an overview of soil washing technology and its viability for use on FEMP site
"~ soils.
2) Section 3 presents a discussion of the three soil washing treatability testing programs currenty

underway at the FEMP. This section includes a discussion of the preliminary results of these
treatability testing programs.

3) Section 4 presents a proposed integrated soil washing process which will form the technical basis
for the conceptual design of the QU-5 soil remediation project.

4) Section 5 presents an evaluation of the merits of a centrally located soil washing facility versus
a number of portable soil washing systems.

5) Section 6 presents an evaluation of project siting alternatives for a centrally located soil washing
facility with respect to utility requirements and material handling related issues.

6) Section 7 presents recommendations and conclusions based on the results presented in Sections
2 through 6.
1.3 Soil Remediation Technology

. Soil remediation can be achieved by the application of one or more of the following treatment
technologies:

D Physical separation using hydrocyclones

2) Vapor Extraction

3) Vitrification

4) Incineration

5) Cementation

6) Soil washing using physical and chemical separation

The following subsections briefly discuss the applicability of each of these technologies to soil remediation
at the FEMP.

1.3.1 Physical Separation Using Hydrocyclones

In many instances the contaminants in the soil are mostly associated with fine fractions such as clays and
can be physically separated by a simple technique involving slurrying followed by hydrocycloning. The
hydrocyclone overflow, which is the fine fraction, contains most of the contaminants and needs further

~
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treatment for disposal. The cyclone underflow, which is the coarse fraction, is clean soil and can be used
as backfill after verification. Test work on remediation of FEMP soils has indicated that contamination
is well distributed in all the size fractions above the FERMCO target value of 52 mg/kg natural uranium
(roughly equivalent to 35 pCi/g for natural uranium). Therefore, any treatment involving physical
separation techniques alone will not be successful for remediation of FEMP soils.

1.3.2 Vapor Extraction

This technique is adaptable to soils contaminated with volatile organic compounds and can be used in situ.
Although some soils have minor organic contamination at the FEMP, the major contaminant is uranium
with above background levels for other radionuclides and metals. It is obvious that vapor extraction
cannot remediate the FEMP soils containing uranium as the major contaminant.

1.3.3 Vitrification

Vitrification is used to stabilize the contaminants of concern in the glass matrix by heating the mixture
of soil and necessary additives to high temperatures in a glass melting furnace. Final product of
vitrification is glass which is normally very resistant to leaching and is likely to pass the Toxicity
Characteristic Leaching Procedure (TCLP) test. However, it is a high temperature process and the
overall cost is a major concern in the application of this technology to soil remediation without any
pretreatment such as soil washing designed to concentrate the contaminates in a small fraction.
Vitrification of concentrated contaminated fraction from soil washing merits consideration and appears
to be promising.

1.3.4 Incineration

Application of incineration to soil remediation is not considered promising as the soil, by its very nature,
~ is not combustible and fuel costs are bound to be excessive. Also, the organics, which are combustible
and can be destroyed by incineration, are extremely low in the FEMP soils. As such, incineration as a
technology of choice for the remediation of the FEMP soil is ruled out.

1.3.5 Cementation

Sail stabilization employing cementation is a viable technology and can be used for the remediation of
the FEMP soils based on the results of treatability studies. The major drawback of this process is that
it results in a substantial increase (1.5-2 times the original waste volume) in the waste volume and the
consequent high disposal costs. It is a relatively simple process based on specific formulations developed
during bench scale/pilot plant studies and can be implemented at ambient temperature. A prerequisite
for the acceptance of any formulation is that the product of cementation must pass the TCLP test. The
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processing and disposal costs are expected to be high in case the entire contaminated soil is stabilized by

cementation without any pretreatment, such as soil washing, to reduce volume.

As in the case of vitrification, cementation is also considered a viable and attractive technology for the
treatment of the contaminated residue of the soil washing process. In view of some problems associated
with the product of cementation at Oak Ridge and Rocky Flats, it is recognized that maximum emphasis
must be given on rigid process control to ensure a quality product. The technology is reliable and can
be implemented without the hazards of high temperature involved in vitrification.

1.3.6 Soil Washing Using Physic.al and Chemical Separation

Soil washing employing physical and/or chemical separation techniques is applicable for the removal of
organics, metals, and radionuclides from contaminated soils. Some full scale soil washing facilitics are
in operation here and abroad. Bench scale test work on the remediation of the FEMP soils using physical
and chemical soil washing techniques has clearly established that these soils can be treated to a target
value of <52 mg/kg natural uranium, which is the indicator parameter for contamination at the FEMP.
Several leaching agents such as mineral acids, citric aéid. and sodium carbonate/bicarbonate (SCB) have
been effective in cleaning the FEMP soils. Additional pilot scale work is necessary to optimize the test
conditions and establish efficiency of the soil washing process.

It is estimated that the volume of clean soil that could be used as refill could be approximately 70 percent
or even higher. Only the concentrated fraction containing contaminants, and the contaminated soil that
remains contaminated even after washing will need further treatment for disposal. This can be achieved
by exnploymg vitrification or cementation technologies for remediation of the entire FEMP soils but is
not considered economical. Soil washing is the obvious technology of choice for remediating the FEMP
soils followed by stabilization of contaminated residues of soil washing using vitrification/cementation.
Also, the contaminated soil from the soil washing process can be used as a source of silica for the
vitrification of sludges at the FEMP.

ERAFS1\VOL1:RSAPPS\RSDATA\
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SECTION 2

SOIL WASHING OVERVIEW

Soil washing is an ex situ process used for removing contaminants from soil. The process removes
contaminants in either of two ways; the contaminants are dissolved or suspended in wash solution, or they
are concentrated into a smaller volume of soil by removing clean portions of the soil through particle size
~ separation techniques. Soil washing systems that incorporate a combination of these two techniques offer
the greatest promise for treating soils containing a wide range of contaminants (i.e., heavy metals,
organics, inorganics, radionuclides, volatile organic compounds, polychlorinated biphenyls, pesticides,
etc.).

The concept of separating contaminants from soil by using particle size separation is based on the
phenomenon that most of the organic and inorganic contaminants are bound, by chemical or physical
means, to the clay and silt soil particles. The silt and clay, in turn, are attached to the coarse sand and
gravel particles by physical means, primarily compaction and adhesion. Therefore, separating the fine
fraction of the soil from the coarse fraction will effectively separate and concentrate the contaminants into
a smaller volume of soil. This reduced volume of soil can be further treated or disposed. The coarse
fraction of soil is usually considered non-contaminated, and can be returned to the site for unrestricted

use after verification. In general, soil washing is effective on soils containing a large percentage of '

coarse sand and gravel particles. Soils containing a large percentage of clay and silt particles typically
do not respond well to soil washing.

Soil washing has been used as a stand-alone technology or in combination with other trcatment
technologies. Soil washing can be cost-effective when used as a pre-processing step to reduce the
quantity of material to be processed by another technology, such as vitrification or solidification.

Site cleanup objectives and physical and chemical characteristics of the soils and contaminants must be
known to estimate the performance of this technology. This information is also used to determine waste
preparation and pretreatment requirements.

The key physical parameter that determines the feasibility of the soil washing process is the particle size
distribution of the soil to be treated. The particle size distribution may be used as an initial means of
screening the potential for using soil washing. Other physical parameters that help determine process
feasibility include soil type, physical form, handling properties, and moisture content.

The key chemical parameters that determine the feasibility of the soil washing process are the
concentrations and types of contaminants, and their distribution in the soil. Soil washing contaminant
removal efficiency depends on the type and distribution of contaminants present in the soil and the soil
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washing medium. Typically, volatile organics are easily removed by soil washing with removal
efficiencies from 90 to 99 percent. Semi-volatile organics are removed by soil washing with removal
efficiencies in the range of 40 to 90 percent. Metals and pesticides, which are more soluble in water,
often require acids and/or chelating agents to aid their removal.

Complex mixtures of contaminants in the soil (e.g., a mixture of metals, nonvolatile organics, and
semivolatile organics) and frequent changes in the contaminant composition in the soil matrix make it
difficult to formulate a single suitable washing fluid that will consistently and reliably remove all of the
different types of contaminants.

Additives used to enhance the soil washing process, such as surfactants, solvents, and chelating agents
may interfere with wastewater treatment processes downstream. The presence of these additives in
washed soil may cause some difficulty in treated soil disposal. Costs associated with handling the
additives and managing them as part of the residuals and wastewater streams must be weighed against
the incremental improvements in soil washing performance that they may provide.

2.1 Technology Description

The overall soil washing process can be divided into three different areas; soil preparation, soil washing,
and wastewater treatment.

Soil preparation includes. the excavation and/or moving of contaminated soil to the process where it is
screened to remove debris and large objects. Here, the soil can be made pumpable by adding water.
This depends on soil feed requirements and whether the process is a semi-batch or continuous operation.

Soil washing can involve a number of unit operations. Soil is initially screened to separate the coarse
particles from the fines. The coarse particles are usually considered clean and are removed from the
process as product; however, this fraction may require treatment, if necessary. The fine soil particles
are mixed with wash water (containing extraction agents, if required) to remove contaminants from the
soil and transfer them to the wash fluid phase. The soil and wash water are then separated, and the soil
is rinsed with clean water. Clean soil is then removed from the process as product. Suspended soil
particles are settled from the-spent wash water as sludge.

Wastewater is treated by conventional operations such that the treated water can be recycled to the soil
washing process for further use. Any wastewater that may be discharged is treated to meet regulatory
requirements for heavy metal content, organics, total suspended solids, and other parameters.

Air emissions from soil excavation, feed preparation, and extraction may require collection and treatment
before being released to the atmosphere.
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SECTION 3

SOIL WASHING TESTING PROGRAMS AT THE FEMP

3.1 OU-5 Treatability Study by IT

The International Technology Corporation (IT) bench scale soil washing study concentrated on removing
uranium from FEMP soils through various physical separation, chemical extraction, and combination

physical separatidn/chemicél extraction techniques without seriously degrading the soil’s physicochemical’

characteristics, and without generating an excessive secondary waste form that would result in complex
treatment, handling, or disposal scenarios.

Two different soil samples from the FEMP were used in the evaluation. One of the soils is from near
a waste incinerator area where low-level contaminated trash was burned (Integrated Demonstration [ID]-
A), and the other is from near the Plant 1 storage pad (ID-B). The average uranium concentrations in
these soils are 497 mg/kg and 450 mg/kg for the ID-A and ID-B soils, respectively. Both soil samples
had been pre-sieved before testing through a 19 mm sieve at the site. The target uranium concentration
for clean soil used throughout the bench-scale testing is 52 mg/kg of natural uranium.

3.1.1 Physical Separation

The physical separation remedy screening was performed to identify the particle size distribution of the

_soil itself and to identify the soil size fractions with which the uranium is associated. The study was
divided into two separate stages: Stage 1 and Intermediate Stage. Stage 1 and Intermediate Stage are
described in the following subsections.

Stage 1

The first step in Stage 1 of remedy screening involved soil sample preparation and initial soil analysis.
Part of each soil was dry sieved and separated by the ranges of 19 to 9.5 mm, 9.5 to 2 mm, and < 2
mm, then homogenized. The average radiological activity and uranium concentration for each
homogeneous fraction were determined by ion chromatography (IC). The next step in Stage 1 remedy
screening involved soil separation according to size fraction by using dispersing agents to break the soil
into its individual grains. The soil samples were ultimately dispersed into five distinct size fractions for
analysis; 1910 9.5 mm, 9.5 to 2 mm, 2 mm to 53 um, 53 t0 2 um, and < 2 um. A sample of each soil
fraction was then subjected to several dispersarits including sodium bicarbonate (NaHCO,), sodium
hydroxide (NaOH), sodium carbonate (Na,CO,), potable water, and sodium citrate/sodium
bicarbonate/sodium dithionate (CBD). Each reagent was approximately 1 millimolar in concentration.
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The results of using various dispersants on each size fraction of the soil are shown in Table 3-1. The

distribution of uranium among each size fraction indicates that simple physical separation, even with a

chemical dispersant, does not result in a size fraction with < 52 mg/kg of uranium. However, the use

of chemical dispersants decreased the percent sand fraction while increasing the percent silt fraction; and

the use of sodium dispersénts shifted the major uranium loading from the sand and silt fractions to the
“clay fraction for both soils.

Intermediate Stage

An Intermediate Stage of testing was incorporated using attrition scrubbing and stronger wash/dispersant
solutions on the < 2 mm soil size fraction (divided into < 53 um and > 53 um). The remaining parts
of each sample were homogenized and labeled "as received.” Both samples were tested using four

_ different dispersion/washing agents (Na,CO,/NaHCO,, (NH,),CO,/(NH,)HCO; sodium pyrophosphate,
and tap water), at three different concentrations (0.1 M, 0.25 M, and 0.5 M), and three different contact
times (5, 15, and 30 minutes). The carbonates were used because of their previous success, the
pyrophosphate as an additional reagent, and the tap water as a control.

‘For the ID-A soils, a scrubbing time of 30 minutes with an extractant concentration of 0.25 M yielded
a 70 percent uranium reduction in the sand fraction for all the extractants used. The optimum conditions
appear to be a 0.25 M extractant concentration with a 15-minute scrubbing time. Even though the SCB
(0.25 M/15 minutes) yielded the best results for the < 53 um size fraction (100 mg/kg), this solution
also yielded the worst results for the > 53 um size fraction (786 mg/kg).

For the ID-B soils, the optimum conditions appear to be a 0.25 M extractant concentration with 15
minutes scrubbing time. All extractants were able to get the < 53 um size fraction down to
approximately 150 mg/kg, and the > 53 um size fraction to between 46 to 85 mg/kg.
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Table 3-1 - Particle Size Distribution and Uranium Concentration for the < 2mm ID-A and
ID-B Soils as a Result of Water and Different Dispersion Solutions

Soil Size Fraction (mm)
2-0.053 0.053-0.002 <0.002
Soil 1mM Soil Uranium Soil Uranium Seil Uranium
Location _ 7Dispgrsing‘ | Fraction Concentration  Fraction Concentration Fraction - Concentration
Agent (%) - (mg kg')” (%) - (mgkg") -~ (%) (mg kg") -
ID-A H,0 23.3 1970 72.6 340 4.1 883
Incinerator NaOH 11.6 1566 83.0 265 5.4 1303 _
Area Na,CO, 9.4 1610 85.8 267 4.8 2017
NaHCO, 9.3 2202 85.6 300 5.1 1295 +
CBD 10.7 1713 78.3 227 11.0 013 ’
 ID-B H,0 38.4 228 55.1 273 6.5 1219
_Plant 1 Pad  NaOH 27.6 231 66.4 270 60 2293
Area . Na,CO, 28.3 214 67.3 247 44 3577 i
NaHCO, 27.1 248 68.6 279 4.3 44|
CBD 28.1 186 56.3 281 15.6 999 -

.....

¢ Solutions were 1:4 soil:dispersing solution ratios shaken for 30 minutes.
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3.1.2 Chemical Extraction

The objective of the chemical extraction remedy screening was to selectively extract uranium from soil
without generating an excessive secondary waste form that would require complex treatment, handling,
or disposal scenarios. The application of chemical extraction to removing uranium from the FEMP soils
is adapted from a process applied in the mining industry where uranium is characteristically leached from

" uranium ores using acid, carbonate, and alkaline based extractants. The selection of extractants used for

testing on the FEMP soils follows this same philosophy, and each extractant was tested for its ability to
remove uranium as a function of extraction time, extractant concentration, extraction temperature, and
extractant-to-soil ratio. Testing was performed in three separate stages: Stage I, Stage I, and Stage III,
with all testing performed on the < 2 mm size fraction of the homogenized soil prepared in the physical
separation testing.

Stage [

Stage I testing of viable extraction candidates included 1:1 concentrations of sulfuric, hydrochloric, nitric,
and phosphoric acids; 60g/20 liter concentrations of sodium carbonate/sodium bicarbonate and ammonium
carbonate/ammonium bicarbonate; 4.0 N concentration of sodium hydroxide; 15 percent concentrations
of sodium chloride and potassium chloride; 0.5 M concentration of EDTA; and 1:10 concentrations of
NS1 and Citrikleen™. Each extractant was tested at a 10:1 (wt:wt) ratio of extractant to soil, where the
extraction process consisted of the soil and extractant mixtures being mechanically stirred for 4 hours at
80 degrees Celsius. Initial IC and gross alpha/beta results indicated that Citrikleen™ would not be an
effective extractant, therefore, further testing on Citrikleen™ was not pursued. The EDTA solutions were
tested at three different pH values (6, 8, and 10). For a complex mixture of metals, the pH of the
solution must be varied to maximize the solubilities of the metals of concern (Dow 1981, 1985). The
extracted solids, extractant solution, and rinse water were analyzed for uranium by IC and radiological
activity by gross alpha/beta, and the performance of each extractant was evaluated by the calculated
percent removal of uranium, and overall decrease in activity in the soil.

The 18N sulfuric acid, 6N hydrochloric acid, and 8N nitric acid extractions were the most successful
extracting agents for both the ID-A and ID-B soils (Tables 3-2 and 3-3). All three extractants resulted
in extracted solids with uranium concentrations below the 52 mg/kg target limit, and ail three extracted
uranium with a greater than 95 percent removal efficiency. The high concentrations of the extractants
used for the screening process would not be feasible for a full scale application. Therefore, these three
extractants were further evaluated in Stage II testing to determine the lowest concentration of each
extractant required to reduce the uranium concentration in the extracted solids to < 52 mg/kg of uranium
to make the pilot plant economical to operate.
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Table 3-2 - Stage I Extractant Screening ID-A Soils

Extractant Uranium in Extracted Soil % Uranium Removed
(mg kg™) _
0.SM EDTA; pH6 : 154.95 55.08
0.5M EDTA; pH 8 64.60 79.68
0.SM EDTA; pH 10 - ' - 42.27 |- 91.21
Sulfuric Acid; 18N 14.04 | 96.09
Hydrochloric Acid; 6N | , ' ' 23.37 95.26
Nitric Acid; 8N 4.87 98.93
Phosphoric Acid; 22N ‘ 13.09 96.08
Sodium Carb/Bicarb; 0.8M 75.01 87.47
Sodium Hydroxide; 4N 128.31 72.58
Ammonium Carb/Bicarb; 0.8M 106.56 82._71
Sodium Chloride; 15% ' 329.34 14.31
Potassium Chloride; 15% 380.81 5.10
NS1; 1:10 ' 186.28 65.37
Citrikleen; 1:10 ‘ 414.04 29.26
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Table 3-3 - Stage 1 Extractant Screening ID-B Soils

Extractant Uranium in Extracted Soil % Uranium Removed
(mg kg
0.5M EDTA; pH 6 . 78.13 © 73.25
0.5M EDTA; pH 8 34.62 85.84
0.5M EDTA,; pH 10 24.26 91.66
Sulfuric Acid; 18N : 13.41 97.24
Hydrochloric Acid; 6N 3.18 99.24
Nitric Acid; 8N 2.34 99 .48
Sodium Carb/Bicarb; 0.8M 25.50 94.85
Sodium Hydroxide; 4N 29.07 91.65
Ammonium Carb/Bicarb; 0.8M 29.07 93.48
Sodium Chloride; 15% 353.51 15.43
Potassium Chloride; 15% 374.16 | 10.03
NS1; 1:10 54.32 86.99
Citrikleen; 1:10 ~ 245.14 46.58

Stage II .

Stage II of chemical extraction testing further evaluated the effectiveness of sulfuric, nitric, and
hydrochloric acid in removing uranium from contaminated soil. The acids were serially diluted (5
different concentrations each) until they were unable to render the solids < 52 mg/kg uranium (target
value). The tests (summarized in Tables 34, 3-5, and 3-6) were performed using the same
methodologies as in Stage I testing. Stage II testing shows that a minimum of 1.0N concentration of each
acid was required to reduce the level of uranium in the ID-A soils to < 52 mg/kg, with the nitric acid
extraction giving the best results (98 percent removal @ 1IN concentration), leaving only 9.04 mg/kg of
uranium in the extracted solids. Also for each acid extraction, no appreciable increase in uranium removal
was gained by increasing the acid concentrations above 1.0N. The ID-B soils fared better when using
the lower concentration acids (< IN). A 0.2N H,SO, extraction removed 92.3 percent of uranium, and
a 0.5N HNO, extraction removed 96.6 percent of uranium from the contaminated soil. However, it is
also noted that the lower concentration acid extractions were more difficult to filter. HCI was the least
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effective extractant at the lower concentrations. For this reason, sulfuric acid and nitric acid were further

studied in Stage III testing.

Table 3-4 - Stage II Chemical Extraction H,SO, Screening

6376

Extractant ID-A Soils ID-B Soils
Contamination . . ..
Uranium in % Uranium Uranium in % Uranium
~ Extracted Soil Removed : Extracted Soil - Removed _

(mg kg™) (mg kg™
0.2N 409.00 1.08 45.70 92.26
1.0N 13.80 97.29 18.40 96.90
2.0N 12.60 97.70 8.59 98.30
12N 8.79 98.53 15.20 97.11
18N 14.04 98.03 13.41 97.31

Table 3-5 - Stage II Chemical Extraction HCI Screening
Extractant ID-A Soails ID-B Soils
Concentration Uranium in % Uranium Uranium in % Uranium
Extracted Soil Removed . Extracted Soil Removed

(mg kg™ (mg kg
0.1N 433.00 0.22 176.00 68.35
0.5N 441.00 0.80 145.00 78.11
- 1.0N 14.20 97.82 8.41 98.81
4N 15.00 97.77 4.70 99.39
6N 23.37 95.55 3.18 99.55
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Table 3-6 - Stage II Chemical Extraction HNO, Screening

Extractant ID-A Soils ID-B Soils
Concentration .. ]
Uranium in % Uranium Uranium in % Uranium
Extracted Soil Removed Extracted Soil Removed
(mg kg™) (mg ke™)
0.1N 395.00 4.58 163.00 71.63
0.5N 448.00 2.83 22.80 96.55
1.0N 9.04 98.03 9.81 98.65
5.3N 7.16 98.67 3.56 99.52
8N 4.87 99.27 2.34 99.66
Stage I

Stage III testing thoroughly evaluated the extraction parameters of extraction temperature, extractant
concentration, extractant dose .(extractant-to-soil ratio), and extraction time. Each parameter was
systematically varied during testing, and operating conditions for the extractants were optimized during
this stage. The tests were performed in the same equipment and the same basic methodologies were
followed as in the two previous stages.

The results of Stage III testing are summarized in Tables 3-7 and 3-8. In the nitric acid extractions of
ID-A soil, increasing the extraction temperature from 20 degrees C to 40 degrees C resulted in an average
increased uranium removal of 50 mg/kg. Increasing the extractant concentration from IN to 2N did not
seem to enhance uranium removal at 20 degrees C, but it did enhance uranium removal at 40 degrees C.
Neither increasing the extraction time from 0.5 to 2 hours, and/or increasing the dose rate from 4:1 to
7:1 had an appreciable impact on uranium removal. In the nitric acid extractions of ID-B soil, the IN
concentration at a 4:1 dose rate was not effective in removing uranium, regardless of extraction
temperature or extraction time. The 1N concentration extractions were more effective at the 7:1 dose rates
at either temperature. The 2N extraction, however, was very effective for each extraction temperature,
extraction time, and dose rate. The best results for the HNO, extraction testing for both ID-A and ID-B
soils (only 26 and 42 -mg/kg of uranium left in extracted solids, respectively) were achieved using a 7:1
- dose rate of 1IN HNO3 extracted for 0.5 hours at 40 degrees C.
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Table 3-7 - Stage III Time, Temperature, and Concentration Study
(mg/kg of uranium in extracted soil)

Dose rate, _ ID-A Soil
time
H,SO, HNO,

IN;20C | IN;40C | 2N;20C | 2N:;40C | 1N:20C | IN;40C | 2N:20C | 2N:40C
4:1,0.5 hrs 69.86 38.14| 62941 36.07| 110.12" 44.5 98.91 | 28.54
7:1, 0.5 hrs 73.7 40.59 48.7 51.66 287.5 26.05 102.9 28.45
4:1, 2 hrs 66.09 38.36 67.61 30.67 106.4 61.53 97.22 30.59
7:1, 2 hrs 93.59 31.28 57.03 27.85 92.5 55.49 95.36 119

Table 3-8 - Stage III Time, Temperature, and Concentration Study
(mg/kg of uranium in extracted soil)

Dose rate, ID-B Soil
time H,50, HNO,
IN;20C | IN;40C | 2N;20C | 2N;40C | IN;20C | IN;40C | 2N;20C | 2N;40C
4:1, 0.5 hrs 68.94 38.82 27.04 27.46 455.03 526.63 39.78 28.76
7:1, 0.5 hrs 30.71 19.85 25.7 24.82 59.63 41.84 482.17 26.08
4:1, 2 hrs 50.12 75.64 32.59 32.98 510.35 468.6 32.37 31.39
7:1, 2 hrs 28.04 25.2 22.89 17.79 38.48 40.22 27.99 17.63

In the sulfuric acid extractions, increasing the extraction temperature from 20 degrees C to 40 degrees
C resulted in an average increased uranium removal of 30 mg/kg for the ID-A soil. Increasing the
extractant concentration from IN to 2N did not seem to enhance uranium removal at either 20 degrees
C or 40 degrees C. Neither increasing the extraction time from 0.5 to 2 hours, and/or increasing the
dose rate from 4:1 to 7:1 had an appreciable impact on uranium removal. The sulfuric acid extractions
of ID-B soil (overall) were very effective, regardless of the extraction conditions. The best results for
the H,SO, extraction testing for both ID-A and ID-B soils (only 38 and 39 mg/kg of uranium left in
extracted solids, respectively) was achieved using a 4:1 dose rate of 1N H,SO, extracted for 0.5 hours
at 40 degrees C.
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These data show thy with sulfuric acid is very effective in removing uranium from
the < 2 mm soil frit the soil can be considered as clean. The data from the physical
separation shows th is effective in reducing the level of uranium in the "whole soil,"
but not to the poinjered as clean. This strongly suggests that employing physical
separation techniqutraction would provide an optimized soil washing process.

3.13 Cos

The testing of the crsical separation and chemical extraction) was performed on the
FEMP soils .in eithried forms. The overall combined process testing was divided
into five separate tessts were designed to determine the efficiency and order of the
combined process. :signed to determine the ability of sand to decrease the buffering
effects of clay on af the fifth test was designed to determine if a multipie chemical
extraction would seaminants from the soil.

The first test consising followed by chemical extraction, where "as received” soils
were attrition scrulzQ,/NaHCO, for 15 minutes, then split into two samples for
chemical extractionxtracted at a 4:1 and 7:1 extractant-to-soil ratio dose rate with
1 N sulfuric acid atninutes. This procedure reduced the uranium in the ID-A soils
to 42 mg/kg using  first run; however, the second run reduced the uranium in the
soil to only 64 mgverage of both runs of approximately 55 mg/kg (Table 3-9).
Increasing the dosepreciable effect on uranium removal from the ID-A soil. For
ID-B soil, this prociium to approximately 26 and 31 mg/kg for the first and second
runs, teSpecti\}ely, 1Just as with the ID-A soils, increasing the dose rate to 7:1 had
no appreciable effe« from the ID-B soil. For all cases, a large portion of uranium
is removed from thacid extraction stage.

The second test foltions as the first test, except that in the second test, chemical
extraction was peri scrubbing. The sample was neutralized with 3 M sodium
hydroxide to a pH ‘then 0.1 M sodium carbonate/sodium bicarbonate was added
to bring the dry so:l, and the sample was attrition scrubbed as in the first test.
Dewatering, splittinlso done as in the first test. This procedure proved to be
successful only in tA soil, reducing the uranium concentration to 39 mg/kg (Table
3-10). The second runs for the ID-B soil resulted in uranium concentrations above
52 mg/kg. Just asition is made that the largest portion of uranium is removed
during the sulfuric aich strongly suggests that attrition scrubbing should be applied
as a preparation prdnishing process.
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Table 3-9 - Test 1 -
Attrition Scrubbing with 0.1M Sodium Carbonate/Bicarbonate
Followed by Chemical Extraction with 2N Sulfuric Acid for 0.5 Hours

Description ID-A (mg/kg Uranium) ID-B (mg/kg Uranium)

Run 1 Run 2 Run 1 Run 2

Results after Attrition Scrubbing o N g
(2:1 Dry Solid to Liquid Ratio) 310.23 372.59 235.82 248.18

Results after Chemical Extraction
(4:1 Dose Rate, 40 Degrees C) 42.04 63.62 25.57 30.82
(7:1 Dose Rate, 40 Degrees C) 31.28 68.97 22.96 25.68

Table 3-10 - Test 2 -
Chemical Extraction with 2N Sulfuric Acid for 0.5 Hours Followed by
Attrition Scrubbing with 0.1M Sodium Carbonate/Bicarbonate for 0.25 hours

Description ID-A (mg/kg Uranium) ID-B (mg/kg Uranium)

Run 1 Run 2 Run 1 Run 2

Results after Chemical Extraction

(4:1 Dose Rate, 40 Degrees C) 101.57 76.15 77.56 77.66

Results after Attrition Scrubbing
(2:1 Dose Rate) ‘ 39.15 50.49 56.18 55.71

The third test followed the same conditions as the first test, except that water replaced the
carbonate/bicarbonate solution during attrition scrubbing. Overall, this procedure was unsuccessful with
only the first run of 7:1 extraction of ID-B soil resulting in a <52 mg/kg uranium concentration (Table
3-11). The uranium concentrations resulting after attrition scrubbing with potable water were
approximately 20 percent and 50 percent higher for the ID-A and ID-B soils, respectively, when
compared to the results from Test 1 where Na,CO,/NaHCO, (SCB) was used as the scrubbing agent.
This put a greater load on the chemical extraction stage to remove uranium.

The fourth test involved attrition scrubbing for 15 minutes with the addition of coarse play sand to dry
soil and 0.25 M Na,CO,/NaHCO,. The sample was wet sieved through a 53 um sieve, then the solids
(both < 53 pm and > 53 um) and the resulting liquid were submitted for analysis for uranium and gross

Vg &
N )
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alpha/beta. This procedure was successful in removing uranium from the > 53 um (sand) soil fraction
(<12 mg/kg uranium for both the ID-A and ID-B soils); however, it was not successful for the <53 um
(silt) soil fraction of either ID-A or ID-B soils (Table 3-12).

The fifth test involved a multiple chemical extraction process where each sample was extracted with 1.0
N HCI followed by an extraction with 1.0 M Na,C0,/NaHCO,. Four sets of conditions were used:

1) 7:1 extractant-to-soil ratio extracted @ 40 deérees C for 60 minutes
2) 4:1 extractant-to-soil ratio extracted @ 40 degrees C for 60 minutes
3) 7:1 extractant-to-soil ratio extracted @ ambient for 60 minutes

4) 4:1 extractant-to-soil ratio extracted @ ambient for 60 minutes

For the ID-A soil, this procedure proved to be successful for the tests run at 40 degrees C, reducing the
uranium concentration to 27 mg/kg for the 4:1 dose rate (Table 3-13); however, it was unsuccessful for
the tests run at ambient temperatures for either dose rate. This procedure was successful for all testing
parameters for the ID-B soil. The best results (7.7 mg/kg uranium) were achieved using a 4:1 dose rate
at a temperature of 40 degrees C. The data show that the target uranium level in the ID-B soils can be
reached by using just the HCl extraction (either 4:1 or 7:1 dose rate) at 40 degrees C extraction
temperature.

Table 3-11 - Test 3 -
Attrition Scrubbing with Potable Water for 0.25 Hours
Followed by Chemical Extraction with 2N Sulfuric Acid for 0.5 Hours

Description ID-A (mg/kg Uranium) ID-B (mg/kg Uranium)

Runl Run 2 Run 1 Run 2

Results after Attrition Scrubbing
(2:1 Dry Solid to Liquid Ratio) 363.14 425.14 347.89 363.63

Results after Chemical Extraction
(4:1 Dose Rate, 40 Degrees C) 79.49 79.25 76.76 80.62
(7:1 Dose Rate, 40 Degrees C) 64.46 56.99 42.37 70.19
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Table 3-12 - Test 4 -
Atrtrition Scrubbing with Sand and 0.25M Sodium Carbonate/Bicarbonate for 0.25 Hours

Description ID-A (mg/kg Uranium) ID-B (mg/kg Uranium)

>53 um <53 um >53 um <53 pm

(5:1:2 Dose Rate of
Sand:Soil:Fluid)

.- : 11.84 - 88.13 11.18 130.35

Table 3-13 - Test § -
Chemical Extraction with 1IN Sulfuric Acid for 1 Hour
Followed by Chemical Extraction with 0.8M Sodium Carbonate/Bicarbonate

Description ID-A (mg/kg Uranium) ID-B (mg/kg Uranium)
4:1, 7:1, 4:1, 7:1, 4:1, 7:1, 4:1, 7:1,
40°C | 40°C Amb Amb 40°C | 40°C Amb | Amb
Results after HC1 77.031 6798} 94.08 | 8292 | 28.37| 20.06| 69.64 | 33.22
Extraction
Results after SCB 27.11 | 3898 68.32| 61.77 771 6.7 15.7 | 13.55
Extraction
3.2 DOE-FEMP Integratéd Demonstration Program Soil Treatability

Study by ORNL

The test work completed by Oak Ridge National Laboratories (ORNL) concentrated on the selective
leaching of uranium from uranium contaminated soils using sodium carbonate and citric acid; therefore,
the characterization data presented by ORNL is generally limited to total uranium analysis. Some
leaching tests were conducted using mineral acids. The objective of the testing was to selectively extract
uranium using a soil washing/extracting process without significantly degrading the soil’s physical or
chemical characteristics or generating a secondary waste that would be difficult to manage and/or dispose.
This test work is based on the fact that uranium is characteristically leached from uranium ores using acid
and carbonate based extractants.

Two soil samples from the FEMP site were treated; one sample was excavated near the Plant 1 storage
pad and the second sample was excavated near a” waste incinerator that once burned low-level
contaminated trash. Each excavated area was about 25 by 20 feet with an excavation depth of 6 to 8
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inches. The urarium content in the FEMP soils ranged from 450 to 550 ug of uranium per gram of soil.
The methods used to separate particle size fractions were based on wet sieving and centrifugation
techniques, and only soils less than 4.75 millimeters were used in the testing.

3.2.1 Leaching Designs

Two leaching designs were used in the ORNL testing; one design incorporated leaching at a low solution-
to-soil ratio (1:1) using paddle mixers for attrition and mixing, and the other incorporated leaching at a
high solution-to-soil ratio (10:1) using a rotary extractor for mixing.

3.2.1.1 Low Solution-to-Soil Ratio

In the case of low solution-to-soil ratio, most of the leaching tests were conducted using a sodium
carbonate solution (25 grams NaHCO, and 25 grams Na,CO, per liter), and within a pH range of 9.3 to
9.5. Potassium permanganate (KMnO,) was added (0.02 g/g soil) to oxidize any uranium (IV) to the
uranium (V) state to form the stable sodium uranyl tricarbonate complex, Na,[UO,(CO,);]. The tests
‘were conducted in standard 1-liter glass resin kettles immersed in a temperature coatrolled water bath.
400 milliliters of sodium carbonate solution were added to 400 grams of soil and agitated. Upon
completion of the leaching, the suspension was filtered through Whatman 40 paper filter. The filtered
solids were then resuspended for 5 minutes in 400 milliliters of wash solution and then filtered again.
Three washing stages were employed for each test. After washing, the solids were dried, blended by
hand, and sampled (25 g) for total uranium analysis. To investigate the influence of abrasion or size
reduction, a pretreatment was used which consisted of milling the soil sample with 200 milliliters of
extraction solution in a ceramic jar mill with 2 cm ceramic balls. After milling for 30 minutes, the slurry
was wet sieved (to remove ceramic balls) into the glass resin kettles for leaching with the other 200
milliliters of extraction solution.

The results of the low solution-to-soil ratio testing (Tables 3-14 through 3-16) are as follows:

1) The leaching of uranium from the incinerator soils appears to be more dependent on time and
temperature when compared to that of the storage pad soil (e.g., increasing extraction time from
4 to 23 hours increased uranium removal from 38 to 80 percent for incinerator soils, but had no
influence on the storage pad soil. Also, increasing the temperature from 22 to 40 degrees C (at
a 2- to 4-hour leaching time) increased the uranium removal from a range of 40 - 50 percent to
approximately 80 percent for incinerator soils, but had no influence on the storage pad soil.

2) Increasing the temperature from 40 to 60 degrees C had little influence on uranium removal from
either soil.
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Table 3-14 - The Influence of Pretreatment, Temperature, and Time on Leaching of
Uranium from Soil near the Fernald Waste Incinerator (A-14) Using Sodium Carbonate Extractions

Pretreatment | LCTPerature Time (he) - Uranium in Fraction of Uranium
(C)' Residual® (ug/g) Leached (%)

None 22 2 238 49

None e - 220 4] 290 o 38

None 22 6 , 95 80

None 22 23 95 80

None 40 2 78 83

None 40 4 88 81

None 40 6 14 97

None 40 23 112 76 3
None 60 2 148 68 K
None 60 4 106 A 78 :
None 60 6 | 70 85
None 60 ‘ 23 63 87

Pulverized 60 23 74 84
Milled 60 23 49 90

*Initial uranium concentration was 470 ugU/g of soil.
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Table 3-15 - The Influence of Pretreatment, Temperature, and Time on
. Leaching of Uranium from Soil near the Fernald Plant 1 Storage Pad

Pretreatment Temperature Time (hr) U.ranium in Fraction of Uranium
© ) Residual® (ug/g) Leached (%)
None 22 ) 68 82
None 2 4 56 36
None 22 6 7 82
None 22 23 59 85
None 40 2 32 9
None 40 4 54 26
None 40 6 44 20
None 40 23 40 90
None 60 2 46 38
None 60 4 " 56 86
None 60 6 30 9
None ' 60 23 37 91
Pulverized 60 23 39 90
Milled 60 23 31 92

*Initial concentration was 387 ugU/g of soil.

Table 3-16 - Removal of Uranium from the Fernald Soils Using a Citrate/Dithionite Extraction

Uranium (ug/g soil)

Fraction of Uranium

Soil
Initial Residual Leached (%)
Plant 1 Storage Pad (B-16) 387 12 97
Waste Incinerator (A-14) - 470 37 92
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3) Pretreatment, by pulverizing and milling the samples, coupled with long leaching times (23
hours), and elevated temperatures (60 degrees C) did not release additional uranium.

4) . High leaching efficiencies (greater than 85 percent removal rates) were achieved in all treatments

for the storage pad soil.
S) Maximum removal of uranium from storage pad soil was 92 percent at 40 degrees C and leach

time of 2 hours. Uranium in clean soil was 32 pg/g.

6) The CBD procedure produced the most effective leaching rates (greater than 90 percent for both
soils). This extraction procedure uses sodium dithionite (Na,S,0,) with a sodium citrate/NaHCO,
buffer (pH=7.3) and elevated temperatures (75 - 80 degrees C) to generate a high reducing effect
that reduces noncrystalline iron (III) to iron (II), which is readily chelated by the citrate and
removed from the soil’s surface. After reaction with the dithionite at elevated temperatures, an
excess of KMnO, was added to oxidize any uranium (IV) to the uranium (VI) form followed by
extraction as the carbonate complex.

3.2.1.2 High Solution-to-Soil Ratio
In the case of high solution-to-soil ratio, the design was used to investigate the influence of carbonate and

citrate concentrations at varying pH on removal of uranium from the contaminated soil. Twenty grams
of soil were extracted in 200 milliliters of extractant using a rotary extractor rotating at 50 revolutions

per minute (rpm). After each extraction period, the pH of the soil suspension was recorded and the liquid .

phase was separated from the solid phase through centrifugation for 45 minutes at 2,400 rpm. Aliquots
of supernatant were removed and acidified to a pH of less than 2 using ultra pure nitric acid, and sent
to the analytical laboratory for uranium analysis.

1) Carbonate Leaching Tests

To test the influence of carbonate and pH on the extraction of uranium, a factorial designed experiment
using three levels of total carbonate/bicarbonate (0.10, 0.25, and 0.5M) at three pH levels (8, 9, 10) and
two replicates were conducted. These were 4-hour tests conducted wnh 200 milliliters of extractant and
20 grams of soil in a rotary extractor.

2) Citric Acid/Citrate Leaching Tests

To test the influence of citrate and pH on uranium extraction, a factorial designed experiment using three
levels of total citrate (0.10, 0.25, and 0.5M) at four pH levels (unadjusted, 5, 7, and 9) and two
replicates were conducted. These were 4-hour tests conducted with 200 milliliters of extractant and 20
grams of soil in a rotary extractor.

e { \
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3) Bisequential Citric Acid/Carbonate Leaching Tests

A bisequential leaching test was conducted by first leaching the soils with 0.1M citric acid (20 grams of
soil in 200 milliliters) followed with two (200 milliliters) extractions with 0.IM sodium
carbonate/bicarbonate at pH 9. The effect of extraction time (0.5, 1, and 2 hours), and the use of
KMnO, (0.02 g/g soil) in the carbonate extractions were investigated.

4) Nitric Acid Leaching Tests

To evaluate the influence of pH on the extraction of uranium in the absence of a strong chelator (such

as citrate for uranium and iron), the storage pad soil was extracted with dilute concentrations of nitric

acid (0.1 and 0.15M). This was done by adding concentrated, ultra pure nitric acid to a suspension of

20 grams of soil in 200 milliliters of water to a pH of 2.0 before extraction in the rotary extractor. A

control using 20 grams of soil in 200 milliliters of deionized-distilled water was also carried out. Both
of these treatments were conducted in triplicate.

5) Citrate-Bicarbonate-Dithionite (CBD) Leaching

The CBD pretreatment was employed to remove coatings of amorphous sesquioxides of iron and
aluminum and to expose uranium. The method was used at near neutral pH and at an elevated
temperature (50 - 80 degrees C). In this method, 0.3M trisodium citrate (1-3 milliliters/gram of soil),
which acts as a chelating agent, was added to 200 grams of soil. Sodium bicarbonate (20 grams) was
used for pH buffer control. When the soil slurry was at the required temperature and the pH was about
7.3, sodium dithionite was added in increments to reduce ferric iron to ferrous iron. This reaction was
~ rapid and took only 15-30 minutes to complete. An excess of sodium dithionite was used in preliminary
- testing (150 kilograms per metric ton). Further studies are planned.

The reaction was exothermic and some sulfur dioxide escaped from the hot solution. The hot slurry was
quickly filtered at a temperature of above 50 degrees C to avoid loss of iron or uranium due to co-
adsorption or occlusion in other precipitates formed during cooling. The solids were washed in two
stages with carbonate-based solution to remove traces of iron and uranium. The soil after CBD treatment
was subjected to carbonate leaching.

6) Attrition Scrubbing Tests

The main objective of .attrition scrubbing is to enhance the rate of uranium removal from soils at high
pulp densities (50-70 percent solids). Abrasion removes the weathering products (i.e., iron and
manganese oxides) from the soil surfaces, thus facilitating contact between leachant and uranium.
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A Denver bench-top attrition scrubber was used for these tests. Five-hundred grams of air-dried soil
were leached with 400 milliliters of leachant. Attrition times of 3, §, and 15 minutes were used with four
different leachants: (1) distilled water, (2) 0.5M carbonate/bicarbonate solution, (3) 3.13M citric acid
solution, and (4) 0.84M ammonium carbonate/ammonium bicarbonate solution. One molar H,SO, and
2.5M H,SO, were also used, but only at a 15-minute attrition time. The pH of the mixed soil slurry was
measured after attrition scrubbing. A portion of the soil mixture was centrifuged and the supernatant was
acidified with concentrated nitric acid to a pH <2. All the acidified supernatants were analyzed for
uranium.

determine the effect of attrition scrubbing and/or leachant on particle size distribution.
The results from the high solution-to-soil ratio testing are as follows:

1) Carbonate Leaching-Tests
Q) Removal efficiency ranged from 75 to 87 percent for the storage pad soil and there
appeared to be little influence with respect to total bicarbonate and carbonate
concentrations or pH. _
) Removal efficiency ranged from 40 to 75 percent for the incinerator soil. Increasing total
bicarbonate and carbonate concentrations, and the pH appeared to improve extraction
effectiveness. A

The results of these studies are summarized below:

1) Carbonate Leaching Tests

) Ranged from 0.1 to 0.5 M concentrations, over a pH range from 8 to 10, leaching
duration of 2-23 hours, and a temperature range from 22 to 60 degrees C.

@ Maximum removal of uranium from the storage pad soil ranged from 86 to 92 percent.

3) Maximum removal of uranium from the incinerator soil ranged from 80 to 90 percent.

4) Increasing the extraction temperature from 22 to 40 degrees C increased uranium removal
from 40 to 80 percent with 2- to 4-hour leaching times for the incinerator soil, but had
no effect on storage pad soil. An increase in temperature from 40 to 60 degrees C had
little influence on leaching of uranium from either soil. -

5) High solution-to-soil ratios were as effective as low solution-to-soil ratios.

6) Citrate/dithionite followed by a carbonate extraction procedure removed 97 and 92
percent of uranium from the storage pad and incinerator soils, respectively.

2) Citric Acid/Citrate Leaching Tests

¢)) Removed an average of 99 percent and 68 percent of uranium from storage pad and °

incinerator soils, respectively, with unadjusted low pH.
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Of the two extraction variables, pH and citrate concentration, pH was the most important.
The higher concentration of citrate (0.5M compared to 0.1M) resulted in a significant
increase in extraction of uranium from the Fernald storage pad soil but not the incinerator
soil.

3) Bisequential Citric Acid/Carbonate Leaching Tests

Results
6

@

3

C))

&)

of bisequgntial citric acid/carbonate leaching tests are given in Tables 3-17 through 3-19.

Uranium removal from the storage pad soil ranged from 69 to 75 percent for the citric
acid extraction step, 8 to 31 percent for the first carbonate extraction step, and 5 to 9
percent for the second carbonate extraction step.

Uranium removal from the incinerator soil ranged from 50 to 63 percent for the citric
acid extraction step, 20 to 28 percent for the first carbonate extraction step, and 3 to §
percent for the second carbonate extraction step.

Uranium extraction is time dependent and appears to be only related to the citric acid
extraction step. The citric acid extraction step required less time for the storage pad soil
compared to the incinerator soil.

Uranium removal from the clay- and sand-sized fractions was 80 percent and 60 to 70
percent, respectively.

Potassium permanganate was effective in oxidizing uranium in the larger particle ranges.
It is also implied that there were higher levels of uranium (IV) in the larger rather than
smaller particle ranges.

Table 3-17 - The Removal of Uranium from the Fernald Storage Pad Soil (B-16) Using
Sequential Extractions of 0.1M Citric Acid and 0.1M Sodium Carbonate, pH 9.5

(with and without KMnO,)

®As determined by uranium measured in extracts (an average of two replicates).

Time (he) Oxidant with Percent Uranium Extracted"
Carbonate* Citric 1st Carbonate | 2nd Carbonate Total
0.5 None 74 14 8.5 96
With 69 8 4.5 82
1.0 None 75 12 4.7 92
With 73 14 3.0 91
2.0 None 69 18 6.8 94
With 70 31 4.2 106
ma/g of soil.
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Table 3-18 - The Removal of Uranium from the Fernald Incinerator Soil (A-14) Using
Sequential Extractions of 0.1M Citric Acid and 0.1M Sodium Carbonate, pH 9.5
(with and without KMnO,)

Time e Oxidant with Percent Uranium Extracted®
Carbonate® Citric 1st Carbonate | 2nd Carbonate Total
0.5 None 49.7 23.8 4.8 78.3
With 50.1 282 5.1 83.4
1.0 None 55.5 21.3 34 81.2
With 58.9 244 4.6 87.9
2.0 None 62.6 20.0 3.8 86.2
With 61.3 24.5 3.0 A 88.8

'0.017 g KMnO,/g of soil.
®As determined by uranium measured in extracts (an average of two replicates).

Table 3-19 - Uranium Concentrations in the Leached Residual of the
2-Hour Sequential Citric Acid/Carbonate Extractions of the Fernald Incinerator Soil (A-14)

Treated
»y Percent Leached
Size Fraction B8 uglg ne/g
Without With Without With
KMnO, KMnO, KMnO, KMnO,
Whole Soil 538 136 94 75 82
Sand 2mm-53um 1,033 416 294 60 71
Silt 53-2pum 286 91 56 68 80
Clay <2 um 1,109 171 152 83 85
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4) Nitric Acid Leaching Tests

M

Extractions of the storage pad soils acidified to pH 2 (average pH of 5.6 after three 4-
hour extractions) with nitric acid without chelants yielded about 22 percent uranium
removal. Extractions with citric acid alone under similar conditions resulted in 80-90
percent of uranium removal from the same soil. This indicates that uranium removal is
not due to a simple acidification relationship, but is likely due to chelation of uranium
as well as chelation of amorphous iron and aluminum oxide coatings on the uranium
particles.

5 Attrition Scrubbing Tests
The results of attrition scrubbing tests are given in Table 3-20.
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3.3

As part of the

Attrition scrubbing for 3 to 15 minutes was having the same effectiveness in extracting
uranium as the batch-type extractions in 4 hours. However, in the case of citric acid, the
uranium recovery was only 80 percent for storage pad soil using 3 and 5 minute attrition
times as compared to greater than 95 percent using 4-hour batch-type extractions.
Water was not an effective leachant for uranium for either soil; the maximum recovery
was 6 percent.

Citric acid extracted about 50-60 percent of uranium from incinerator soil and about 70-
80 percent of uranium from storage pad soil.

Sulfuric acid removed 77 percent uranium from incinerator soil at 1M concentration and
89 percent at 2.5M concentration.

Sulfuric acid was ineffective in removing uranium from storage pad soil at both 1M and
2.5M concentrations. The maximum uranium removal efficiency was 18 percent. This
could be due to the higher carbonate content of the storage pad soil.

As for carbonate extractions, SCB was more effective in removing uranium from both
the soils as compared to ammonium carbonate/bicarbonate.

OU-1 MAWS Program Soil Washing Treatability Study by Lockheed

Minimum Additive Waste Stabilization (MAWS) technology demonstration program,

FEMP soil characterization and soil washing studies were conducted by Lockheed Environmental Systems
and Technology Company to show the economic and technical feasibility of an integrated soil waste
treatment process. Vitrification and soil washing are being considered for the remediation of
contaminated sludges and soils at the FEMP. Contaminated soil residues from the soil washing process
will be used as a source of silica in the vitrification of sludges. This approach has two distinct
advantages: (1) it reduces the cost of silica used as an additive in the sludge vitrification process, and
(2) it stabilizes the contaminated soil residue.
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Table 3-20 - Comparison of the Uranium Leached by Attrition Scrubbing for 3, 5, and 15 Minutes

Using Various Leachants for both FEMP Soils

Incinerator Soil Storage Pad Soil
Leachant Attrition Time (min) (538 mg U/kg) (446 mg U/kg)

Percent Uranium Leached

Water 3 <1 5
s <1 6

15 1 5

Citric Acid 3 53 81
5 47 69

15 65 nr

IM H,SO, 15 77° 7°
2.5M H,S0, 15 89° 18°
Na,CO, 3 63 84
5 37 83

15 62 81

(NH),CO, 3 43 64
5 43 nr

15 40 55

*Not reported.

®Average of two replicates.
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This report summarized the laboratory testing methodology and data to support the design of an on-site
demonstration system. The goals of the testing are to show that: )

1) The washed soil residue will provide adequate silica feed to the vitrification process.

2) ~ A cleaned soil with uranium activity below 35 pCi/g (equivalent to 52 parts per million for
natural uranium) will be produced.

3) Soil will be processed at a minimum rate of 0.25 cubic yards per hour.

Additional laboratory testing is currently being performed to optimize soil washing process parameters
and the results will be issued in a later report.

3.3.1 Soils Characterization

The soils used for this study came from an area just west of the Plant 1 Storage Pad. These soils were
found to contain significant amounts of grass, roots, etc. that were often matted together or bound in clay
lumps. The soils contained very few rocks greater than 1 inch and were frequenty bound with clay
lumps.

A particle size distribution and activity of each size fraction was determined. The uranium contamination
was found to be distributed throughout the size fractions in amounts greater than 35 pCi/g except for the
+4 mesh fraction (26.6 pCi/g). The activities of the remaining fractions (+ 10, +50, + 100 mesh; + 30,
-30 micron) ranged from 162.25 to 8,363.90 pCi/g. It was noted that the large fraction of organic matter
contained high activity levels relative to the other soil fractions.

The silica contént of the soils was found to be most abundant (71 percent) in the -100 mesh to +30
micron fraction.

3.3.2 Physical Tests

Several physical treatment methods were examined for their abilities to (1) break up clay lumps, (2)
remove organic matter from the soil matrix, and (3) wash the coarse fraction (+ 100 mesh).

Three de-lumping tests were performed to determine the effectiveness of breaking up the clay lumps and
liberating the organic matter from the soil matrix without shredding the organic matter. The first and
second tests were performed in an agitated square tank and showed that effective de-lumping was
achieved in about 1-1/2 hours with gentle agitation. It was supposéd that faster de-lumping would occur
with more efficient mixing (i.e., by using a cylindrical tank). The third test used a drum-type cement
mixer and showed that effective de-lumping was achieved in about 1/2 hour.
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Screening tests were performed by pumping de-lumped slurry through vibrating and gyratory screens to
find organic material removal effectiveness. The gyratory screens were found to be more effective than
the vibrating screens in clearing organic material from the screens and were selected as the best of the
two. A series of froth flotation tests was also performed to find organic material removal effectiveness.
Significant amounts of uranium and organic material were removed; however, a significant amount of
fine soil particles was also removed with the froth, thus the screening method was deemed to be the most
effective.

Initial attrition scrubbing tests conducted with -4 mesh material showed that this method was ineffective
~in cleaning the entire 4 mesh fraction and, in addition, shredded some of the organic material.
Subsequent attrition scrubbing tests with 4 mesh to + 100 mesh material using 0.1M carbonate leach
solution for 15 minutes at 1,500 rpm showed that the activity was reduced from 467 pCi/g to 14.7 pCi/g.
Carbonate leach solutions showed higher uranium removal than water alone. Additional attrition
scrubbing tests are currently being conducted.

3.3.3 Chemical Tests

Leach Tests 1, 2. and 3

The soils for leach tests 1, 2, and 3 were generated by mixing three 5-gallon samples of FEMP soils with
approximately 75 gallons of water and gently agitating the mix to liberate organic matter from the soil
matrix. The slurry was then fed through a 50- and 100-mesh screen. Further size separation was done
using a 2-inch cyclone. A 2,000 milliliter stock sample was collected from the cyclone overflow for
leach tests. Leaching experiments were performed using a 500-milliliter aliquot of stock/sample in a
1,000 milliliter beaker equipped with a magnetic stirring bar.

Ammonium bicarbonate, sodium carbonate, and potassium permanganate powders were added to the soil
slurry, and the pH and temperature were recorded. Samples of leachate were taken periodically and
analyzed for uranium. Total uranium concentration of the input sample was measured at 2,389 ug/g and
2,144 + 70 ug/g using two different techniques. Results of tests 1, 2, and 3.are given in Table 3-21.

These tests showed that significant uranium removal was effected within the first 2 hours of leaching.
The leach residues from tests 1 and 2 contained 231 ug/g and 117.6 ug/g, respectively, which is above
the target limit. Inadequate agitation during leaching and/or inadequate washing of the leached soil
residues might have contributed to the above resuits.
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Table 3-21 - Leach Tests 1, 2, and 3

KPA Analysis (RTL) of Leachate
Test Number Reagents Temperature

Time, hour Uranium (pg/g)

3.95 g NH,HCO, 1 144

1 53gNuCO; | 19.C (ambicnn) 3 146

1.0 g KMnO, pH: 9.3 6 142

8 162

7.9 g NH,HCO, 1.5 188

10.6 g Na,CO, 30 to 40 C 3 205

? 1.0 g KMnO, pH: 9.11 6 217

24 252

7.9 g NH,HCO, 1 155

10.6 g NHHCO; | 37 10 48 C 1.3 148

> 1.0 g KMnO, pH: 9.53 7 145

24 162

Leach Tests 4, 5, 6, and 7

Samples for these tests were generated in the same manner as for tests 1, 2, and 3 except that the cyclone
overflow was dried and four samples (A, B, C, and D) were collected.

Tests 4 and 5 were conducted for a 12-hour period on samples A and B at 20 percent solids in the slurry
at 60 degrees C using 6.7 grams of NH,HCO,, 8.99 grams of Na,CO,, and 8.49 grams of KMnQO,.
4 to 1 wash to leachate ratio was used in washing the leached soil residues. Uranium concentrations in
the final leached residues were above the target concentrations (52 ug/g uranium), as shown in Table 3-

22.
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Table 3-22 - Tests 4 and 5, Concentration of Uranium in Leached Residue

Sample Net Weight (g, wet) Net Weight (g, dry) Uranium (ug/g)
A 273.1 138.1 2144
B 262.1 136.3 203.3

The above unsatisfactory results were attributed to inadequate oxidant usage during the tests.

Tests 6 and 7 were carried out on samples C and D for an 8-hour period at 40 degrees C and 60 degrees
C, respectively, at 20 percent solids using the same reagent concentrations as used in tests 4 and 5. A
4 to 1 wash to leachate ratio was used in the centrifuge wash step. The concentrations of uranium in the
leached soil residues from tests 6 and 7 are given in Table 3-23.

Table 3-23 - Tests 6 and 7, Concentration of Uranium in Leached Residue

Sample Net Weight (g, wet) Net Weight (g, dry) Uranium (ug/g)
C 257.8 179.9 17.0
D 275.3 169.6 11.0

Results of the above tests showed that the uranium removal goal of 35 pCi/g in the washed residue can

be attained or exceeded, but only under carefully controlled oxidation potential. Target uranium
concentration in the leached soil residue is achievable at 40 degrees C. Additional testing is being
performed to confirm water treatment system operating parameters and to generate additional leaching i
kinetic data.

3.3.4 Test Results

In summary, the laboratory studies have shown that:

D The FEMP soils have a high clay content (70 percent less than 30 micron material). Gentle
agitation in a tank will be used to break up clay lumps, wash soil from rocks larger than 1 inch,
and separate organic material from + 100 mesh silt.

2) Organic matter makes up a significant fraction of the soil matrix and contains high levels of
activity relative to other soil fractions. Even though this material could be leached, leaching costs
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and chemical usage would increase significantly; therefore, this material will be sent directly to
vitrification.

3) Uranium concentration is distributed throughout the soil matrix in levels above 35 pCi/g and the
majority of soil particles are less than 100 microns in size.

4) Carbonate leaching at temperatures between 40 and 60 degrees centigrade is effective in achieving
the 35 pCi/g criteria. The + 100 mesh silt fraction will be cleaned through physical separation.
The 4 mesh/+ 100 mesh fraction washing is enhanced using a carbonate leach solution. The fine
fraction (-30 micron) will be cleaned using a carbonate leach solution.

5) The 100 mesh (149 micron) to 30 micron fraction has the highest silica content of the soil matrix.
This fraction will be fed to vitrification before leaching to minimize leaching costs and chemical
usage.

The results of the laboratory tests indicate that a feasible soil washing system can be designed using the
following proposed operations and processes.

3.3.5 Proposed Soil Washing System

Raw FEMP soils will be fed with water to an agitated tank to produce an approximately 50 weight
percent solids slurry. The slurry will pass over a weir in the tank through a single 4-mesh gyratory
screen and then through 50- and 100-mesh double deck gyratory screens. The organic matter trapped
by the screens will be fed to the vitrification process. ‘

Heavy, larger material (e.g., gravel) that settles to the bottom of the slurry tank will be passed through
a 1/2-inch screen prior to an attrition scrubber. The scrubbed material will be passed through double
deck 50- and 100-mesh gyratory screens. The + 100 mesh material will be combined with the + 1/2-inch
material, drummed, and verified as meeting the 35 pCi/g criteria.

The -100 mesh slurry will be combined with the -100 mesh material from the attrition scrubber and fed
to a 2-inch cyclone designed for 30 micron fractionation. The cyclone underflow (+ 30 micron) will be
fed to the vitrification process. The cyclone overflow will pass to a thickener and then to the leach
system. After leaching, the soil will be fed to the centrifugal decanters to wash the leach liquor from the
soils. The washed soil will be drummed and verified as meeting the 35 pCi/g criteria. The spent leach
liquor will be sent to a water treatment facility and reclaimed for further soil washing.
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SECTION 4

PROPOSED INTEGRATED SOIL WASHING SYSTEM

The three sets of soil washing testing results presented (ORNL, MAWS, and IT) have shown the
capability to successfully remove uranium from contaminated soil, reducing the uranium concentration

below the target value of 52 mg/kg. The results of the testing, along with the observations made during

these testings, are used to develop the soil washing process that will be used at the FEMP.
4.1 Evaluation of Soil Washing Process

The SCB scrubbing/extracting solution is recommended for the proposed soil washing system based on
the following comparisons with the other tested scrubbing/extracting solutions:

1)  Mineral Acid Leachings

Leaching of soil by mineral acid was able to reduce the uranium concentration in the soil below
the target value. However, the acid extractions were more destructive to soil constituents,
particularly aluminosilicate clay minerals. This destruction in the physicochemical characteristics
of the soil will produce large volumes of sludge during the precipitation of uranium from the
leachate. The production of this sludge is an additional waste form that will require treatment
and is contrary to the philosophy of minimum waste generation. Also, large volumes of acid are
used in dissolution of carbonate minerals, namely calcite and dolomite. Such reactions do not
occur in alkaline leach involving sodium carbonate extractions.

2) Citrate-Bicarbonate-Dithionite with Ammonium Carbonate

Non-crystalline iron and alumina sesquioxides are removed from the clay surfaces of the soil, and
iron +3 is reduced to iron +2, which is readily chelated by the citrate. However, this extraction
method produces some sludge, but far less than mineral acid extractions. Also, leaching for this
system must take place at high temperatures (75 to 80 degrees C). Upon cooling to ambient
temperature, sulfates precipitate from the leaching solution and entrain the uranium. To prevent
this from occurring during the process, filtration must happen quickly after leaching, and at high
temperatures. The citrate forms soluble complexes with the iron and aluminum, which result
from the dissolution of sesquioxides. This reduces the citrate’s capacity to complex uranium +4,
which cannot be extracted because it precipitates out as a hydrated oxide. Another disadvantage
of this system is that the quantities of citrate and dithionite required durmg testing were high,

which would mean high operating costs for a full scale system.
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3) Citric Acid/Citrate

Citric acid removes coatings of amorphous iron and aluminum sesquioxides from the soil surface,
which enhances the leaching of uranium. Citric acid extraction of uranium is a pH dependent
process (the best results are obtained at pH values < 3) and does not require elevated
temperatures (> 40 degrees C) to get good results. However, this method removes significant
quantities of iron, aluminum, calcium, and magnesium from the soil. The quantity of the acid
needed to treat the soil is high due to dissolution of carbonate minerals, namély calcite and
dolomite. This creates a high volume of sludge which complexes waste disposal scenarios. Also,
both the quantity of acid required and the leach time (4 hours) are high.

4) Bisequential Citric Acid/Carbonate

A citric acid extraction time of only 0.5 hours yielded the same.results as for a 2-hour extraction
time for Fernald storage pad soil, which means that contamination is readily leachable and
extraction times can be considerably reduced. However, this is a three-stage process; Stage 1
involves leaching with citric acid, and Stages 2 and 3 involve leaching with sodium carbonate.
This obviously is more complex than a single-stage extraction involving acidic or alkaline leach.
This complexity will result in higher capital and operating costs.

5) Sodium Carbonate

Sodium carbonate selectively leaches uranium from the soil and does not destroy the
aluminosilicate minerals to the extent as the mineral acids and, therefore, does not generate a high
amount of secondary waste. The tetravalent uranium is oxidized to hexavalent uranium at a faster
rate compared to acid solutions, and the uranium +6 is readily leachable with sodium carbonate.
A leach time of 2 hours is required because of slow reaction kinetics at a leach temperature
between 40 and 60 degrees C. »

All of the above systems, including sodium carbonate leaching, were able to reduce the uranium
concentration in the soil below the target value. The advantages of the sodium carbonate leaching, as
stated above, outweighed those of the other systems. '

4.2 Soil Washing Process Development

The proposed FEMP soil washing system will incorporate a combination of physical separation techniques
(screening) and chemical extraction techniques (leaching and precipitation) to remove uranium from the
contaminated soil. All three groups of testing pre-screened the soil through a 3/4-inch screen before
testing; the screen oversize was considered as soil having uranium levels below the target uranium level,
and the screen undersize was the soil used in the actual testings. This methodology is adapted for the
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proposed soil washing process where the excavated soil is serially screened through a 6-inch grizzly, a
1/2-inch trommel- screen, and a 4-mesh double deck screen. The oversize materials from these screens
are water washed, monitored, then returned to the site as clean soil for backfill.

After the screening process, the proposed soil washing system uses a series of three reactor scrubbers
(combination of attrition scrubbing and leaching) with potassium permangenate as an oxidant, along with
0.25M sodium carbonate and 0.25M sodium bicarbonate as scrubbing/extraction agents for the soil.

After leaching, the leach slurry in the pr,oposed,system', is thickened and.filtered, and-the filter cake is - -

returned to the site as clean soil for backfill. The resulting liquid from the thickening process and the
filtrate is sent to precipitation where caustic soda is added to the fine particle slurry to prccipitate uranium
from the solution. The precipitation product (contaminated portion) is thickened and filtered and sent to
treatment or disposal, while the resulting effluent is sent to preliminary wastewater trcatment.

The results of test work discussed in the preceding sections were used as the basis for developing the
process flow diagram for a full-scale soil washing system. '

Process parameters used in the development of the flow diagram include:

1) The Treatment Plant capacity is 480 tons/day wet soil with 15 percent moisturc content by

weight.

2) Particles larger than 3 inches are expected to be clean; however, before release of this fraction,
these will be rinsed with clean process water and then monitored.

3) Washing the minus 3-inch fraction in a drum washer using recycle water will be effective.

4) The plus 1/2-inch fraction of the washed soil can be released as clean soil after rinsing it with
clean process water and monitoring.

5) The minus 4 mesh fraction of the soil shall be treated by leaching to remove contaminants by
dissolution. Attrition scrubbers/reactors can perform this function and are preferred for the
following reasons:

) Surface contaminants are removed by attrition
2 Improves dispersion and dissolution

6) Cut-off grade for clean soil seems to be the plus 4 mesh (4.76 mm) in the soil discharged from
the drum washer.
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7 FEMP soil can be categorized as difficult to work due to the high percentage of fines as silt and
clay (over 60 percent).

8) The removal of contaminants probably cannot be accomplished by simple washing followed by
physical separation; however, this must be confirmed by additional tests.

9) To supply a suitable feed to the attrition scrubbers/reactors, a thickener is needed to produce an
underflow with 35 percent solids by weight. '

10) Scrubbing/leaching may be carried out with 0.25M Na,CO, and 0.25M NaHCO,. Sufficient
oxidation using KMnQ, shall be provided to oxidize uranium into a soluble state (from +4
valence to +6 valence).

11) As for the leaching conditions, agitation with 2 hours residence time at a temperature of 40
degrees C is assumed to be adequate.

12) It was assumed that, during dissolution, some portion of silica and alumina would go into solution
as sodium aluminate/silicate, along with other heavy and non-ferrous metals.

13) Contaminants (radionuclides, metals, sodium-silicate, and aluminate) can be removed from the
leachate by precipitation with sodium hydroxide.

14) For solid/liquid separation after leaching, treatment shall include thickening followed by filtration
with countercurrent water wash on the belt filter. This is assumed to be adequate to produce a
filter cake with 30 percent moisture content as clean soil.

15) Precipitates can be separated from solution by thickening followed by filtration with washing to
yield a contaminated product for further treatment and/or disposal.

16) Depleted solution can be recycled after converting sodmm hydroxide in the solution back into
sodium carbonate by CO, purging.

17) A bleed to the AWWT will be used to control sodium carbonate concentration in the recycle
water. Clean process water shall be used for rinsing of clean soil and to provide wash water to
the filters.

Figure 4-1 is a block flow diagram depicting the proposed soil washing process.
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Furiments

To support Title I awing critical tests need to be performed:

1)

2)

3)

4)

5)

6)

Feed soil padetermine fractional distribution for organics, total uranium,
metal, and r:

Washability - followed by wet screening to determine the distribution of
contaminants

Aurition scrl flotation tests to determine contaminants removal efficiency

Leach testinf0.5M sodium carbonate and sodium bicarbonate to optimize

leach conditi '

(1) Teste solids percent, leach solution strength, temperature, and
oxid:

@ Deteration in the recycled liquor after precipitation of contaminants

Settling -and h residues and precipitates

Precipitation ptimum precipitation conditions for removal of contaminants
from the leac
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. SECTION 5

SOIL WASHING FACILITY: CENTRAL VS. PORTABLE SYSTEM

The portable soil washing system will consist of modular, skid-mounted equipment with interconnecting
piping and wiring. This design feature enables the equipment t0 be located at different remediation sites
(or at one site convenient to all remediation sites).

A portable soil washing system-would eliminate the hauling of contaminated soils from the remediation
sites to a central facility and clean soils back to the originating sites. However, some or all of the
contaminated soil fraction remaining after treatment will require packaging and transport to the
vitrification plant. By eliminating contaminated soil hauling to the soil washing facility, transportation
equipment and labor costs, FEMP traffic congestion, and the risk of spillage and spread of contamination
will be reduced.

In comparison, a central soil washing facility would eliminate unproductive time and expenses involved
with moving the soil washing system to different remediation sites. The items that contribute to this
inefficiency include decontamination and/or packaging of equipment for transport; survey (and
decontamination, if required) of former facility sites; loading, transport, and unloading of equipment; and
maintenance, consumables, and breakage during disassembly and assembly of the equipment.

Two important considerations that affect either type of soil washing system are the distance between the
~ remediation sites and the number of sites to be remediated with the system. As the distance between the
remediation sites becomes larger, the portable system appears more favorable because of the reduced soil
transportation costs and risks. As the number of remediation sites increases, the central facility appears
more favorable because of the reduced operating and maintenance costs of the system.

With regard to the former FEMP production area (OU-3), the central facility appears more.favorable than
the portable system because all the remediation sites are within an area of approximately 160 acres; the
working area is developed and has restricted access to the public; and the hazards and risks associated
with contaminated soil transport are relatively low.

Further, the weather data for the Fernald area (rainfall approximately 40 inches per year and several snow
days per year) strongly favor the installation of a central facility as compared to a portable system because
a central facility will not be subject to interruptions/shutdowns due to inclement weather.

A s0il washing facility which handles solids, slurries, and wet filter cake requires continuity of operations
for efficient and trouble-free operations. Start-up of such plants after temporary work stoppages is

. R
B R A L
R ® bR
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problematic due to plugging of pipelines and the settling of solids in tanks and other equipment. '
Interruptions due to inclement weather conditions are least desirable.

Also, the projected life span of 21+ years for this facility strongly suggests a permanent central facility
where the contaminated soil can be brought from several areas at the site.

However, it may be desirable to have a small (2-5 tons/hour) portable soil washing facility which can be
used to wash the existing contaminated soil stockpiles at various locations at the FEMP. Apart from soil
remediation, it will provide valuable technical data for full-scaleioperations and act as a training ground
for plant personnel.
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SECTION 6

SOIL WASHING SITING ALTERNATIVES

An ideal location for the soil washing facility would minimize the need for radiological screening and
wheel washing control points, require the shortest site utility extensions, make maximum use of existing
roads and minimize the construction of new access roads, minimize the amount of earthwork and related
site preparation required, and minimize other transportation-related impacts. The soil washing facility
needs to be centrally located to all of the OUs, especially OU-3 because it is the largest generator of
contaminated soil. The location should not interfere with other OUs’ remedial activities. The following
subsections describe the evaluation of alternative locations for the soil washing facility.

6.1 Description of Evaluation Criteria
PARSONS evaluated possible locations for a soil washing facility based on the following criteria:

1) Radiological screening/wheel washing

2) Utilities
3) Road construction/improvements
4) Site preparation

5) Transportation-related impacts

6.1.1 Radiological Screening/Wheel Washing

Radiological screening and wheel washing will be required at the exit point from each controlled area to
control the spread of contamination to clean areas. Due to the long-term operation of the soil washing
facility, radiological screening and wheel washing can be a major cost item for the soil washing project.
It is assumed that radiological screening/wheel washing will take 10 minutes for each truck (4 minutes
for radiological screening and 6 minutes for wheel washing). The soil washing facility should be located
where the need for radiological screening and wheel washing can be minimized.

6.1.2 Utilities
Utilities will include process water which will be recycled to and from the Advanced Wastewater

Treatment (AWWT) facility, sanitary sewer, potable water, electrical, steam, and fire water. The shorter
the utility route to the facility, the better.
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6.1.3 Road Consiru.ction[!mgrovements

Transportation of contaminated and clean soil will involve a great amount of truck traffic. Truck haul
roads must be two-lane asphalt roads, as a minimum. The soil washing facility should be located so as
to minimize the need to construct new roads or improve existing roads.

6.1.4 Site Preparation

Site preparation includes earthwork, clearing, grubbing, and construction of a stormwater management
system. The soil washing facility will encompass an area of approximately 7 acres. As a result, site
preparation may be a costly item. ‘

6.1.5 Transportation-Related Impacts

Transportation-related impacts examined for each of the three siting alternatives included:

1) Truck fleet size
2) Road usage
3) Soil washing facility utilization

The transportation analysis used a simulation model that linked the existing site roadway system to the
recommended soil remediation schedule from the draft Soil Remediation Schedule Study (PARSONS 1993)
and the proposed facility siting alternatives. The simulation was performed beginning in October 1997,
and continued through November 2018.

6.1.5.1 Assumptions

A variety of assumptions were used in the transportation model. These included transportation,
processing, cycle times, and other general assumptions.

Transportation Assumptions

In general, thé waste pit soil was transported using the existing road that runs to the waste pit area.
Trucks traveled toward the processing area, turning south on "A" street for both Alternatives 1 and 2.
For Alternative 3, the soil was taken past the Solid Waste Landfill and north of the processing area.

The soil from the fly ash piles and South Field Area was transported north using both existing and some

"new roads for Alternatives 1 and 2. The soil was transported north from these areas, across the southern

edge of the parking lot to the North Access Road for Alternative 3.
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All process area soil was assumed to originate at the corner of 2nd and "B" streets. The silo soil used
the same roadways as the waste pits soil.

Processing Assumptions

The soil washing facility processed 20 tons of soil per hour. The facility operated 52 weeks per year,
7 days per week, three shifts per day. All the soil delivered to the facility was placed in one stockpile.
The soil was processed and placed in one of two areas; clean soil (70 percent) was added to the stockpile
available for backfill and dirty soil (30 percent) was transported to the CRU-1 vitrification facility.

Cycle Times

Excavation of a 15-ton load occurred every 48 minutes whenever possible. To meet the demands of the
soil washing facility, processing area soil was excavated at a faster pace. Soil was transported in 15-ton
loads and assumed to be transported in roll-off boxes on the trucks. The unloading time was 4 minutes.

General Assumptions

The only other facility operating during the simulation was the CRU-1 treatment facility. This
underestimates any congestion problems. The excavation of dirty soil was assumed to operate 5 days a
week, one 8-hour shift per day. The input stockpile was limited to approximately. 18,225 tons, and soil
excavation was stopped temporarily when it reached this amount. When the stockpile dropped below this
amount, excavation could continue,

6.2 Siting Alternatives

Alternative project sites were chosen based on the availability of a 7-acre parcel which did not interfere
with other OUs’ planned remedial activities. The three most viable siting alternatives for the soil washing
facility are all in clean areas. This will minimize the cost of handling contaminated soils during
construction of the soil washing facility. A stormwater management systems needed for all of the
alternates. Three project siting alternatives, identified as "ALT 1", "ALT 2", and "ALT 3", are shown
in Figure 6-1.

S
L
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6.3 Evaluation of Alternatives
6.3.1 Altermative 1

This siting alternative is located west of Building 51. At present the area is covered with dense
vegetation and mature trees. A large drainage ditch, approximately 12 feet in depth, traverses the site
from east to west. This area has no history of prior use from process operations. There is adequate
space for future expansion.

Utilities to this area could be extended from the proposed AWWT - Phase III facility which is about 600
feet away.

This area is located adjacent to OUs 1, 3, and 4. The site could be incorporated into the controlled area
to allow soil from OUs 1, 3, and 4 to be transported to and from the soil washing facility without
radiological screening and wheel washing at the entry point.

Approximately 1,000 lineal feet of new two-lane road is needed to transport soil to and from OUs 1, 3,
and 4. Approximately 2,000 lineal feet of new two-lane road would have to be constructed to transport
OU-2 soil.

Site preparation for this alternative is extensive. Large trees and dense vegetation has to be cut. The
existing 12-foot-deep ditch has to be rerouted, hence, a large volume of earthwork would be necessary.

This alternative resulted in the lowest truck fleet requirements. The truck fleet peaked in the year 2001
at nine trucks, leveling off to four after the year 2007 as shown in Figure 6-2. '

Roadway usage was highest at the intersection of 1st Street and "A" Street. The number of vehicles
crossing this intersection was over 380,000 between the years 1997 and 2018, or about 50 vehicles per
day. This intersection was particularly busy because material from the waste pits, silos, and the
processing area was transported through this area. Other busy intersections were at 1st and "B" Street
(28 vehicles/day), and 2nd and "A" Street (21 vehicles/day). High road usage in the process area leads
to road congestion which will negatively impact the OUs 3 and 5 remediation schedules.

This alternative involved the transportation of approximately 200,000 loads of material, including material
to the soil washing facility from the excavation areas, and to the CRU-1 treatment facility from the soil
washing facility. Another 81,000 loads were taken from the soil washing facility to backfill locations.
Given the remediation schedule, the soil washing facility operated at 100 percent utilization. The input
stockpile remained at 18,225 tons until the final month of processing.
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6.3.2 Alternative 2

This siting alternative is located south of the proposed AWWT-Phase III facility and west of the existing
Stormwater Retention Basin. The OUs 1, 3, and 4 areas are located north of this site. The nearest
controlled zone is 1,000 feet north of this site. The area has not been used by any past process
operations. Adequate area for future expansion is available.

This siting alternative is located foo far from the OU-3 process area to include it in the present controlled
area. Therefore, trucks carrying soil from all the OUs to this area will need to be radiologically screened
and have vehicle wheels washed to prevent the spread of contamination.

Utilities to this area could be extended from the proposed AWWT-Phase III facility which is only about
100 feet away.

Approximately 2,300 lineal feet of new two-lane road will be required for transporting soil to and from
OUs 1, 3, and 4. Approximately 400 lineal feet of new two-lane road is needed for transporting soil to
and from OU-2. '

Since the area is very flat, the grading effort will be minimal. Trees in this area are small and scattered.
This area will need minimal earthmoving activities.

This alternative resulted in a truck fleet peak of nine trucks also, but leveled off at five trucks after the
year 2007, as shown in Figure 6-2.

This alternative resulted in lower road usage in the process area because of higher usage of the roadways
west of the process area. The most roadway usage was west of the proposed facility, at approximately
70 vehicles per day. The roads used were either new roads, or the existing road that runs from the waste
pits towards the South Field Area. This road is a gravel, one-lane road and would require improvements
to handle the projected traffic load. The busiest intersection in the process area was at 2nd and "A"
Street (28 vehicles/day).

This alternative involved the transportation of approximately 200,000 loads of material, including material
to the soil washing facility from the excavation areas, and to the CRU-1 treatment facility from the soil
washing facility. Another 81,000 loads were taken from the soil washing facility to backfill locations.
Given the remediation schedule, the soil washing facility operated at 100 percent utilization. The input
stockpile remained at 18,225 tons until the final month of processing.
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6.3.3 Alternative 3

This siting alternative is located at the northeast corner of the FEMP site, immediately adjacent to the
OU-3 process area. OUs 1 and 4 are located approximately 1,500 feet to the west. OU-2 is located
approximately 2,500 feet away. At present the area is grass covered. The area’s surface has a moderate
drainage pitch to the southwest. A drainage ditch is located on the west side of the site. The area is
presently used for stockpiling gravel. The Central Storage Facility (CSF) is to be constructed next to this
area to store contaminated soils that will later be processed at the soil washing facility. The expansion
potential of this area is limited by the OU-3 boundary, the FEMP boundary, and the North Access Road.

This siting alternative could be incorporated into the: OU-3 controlled area. As a result, radiological
screening and vehicle wheel washing would not be required for soil transport from the OU-3 area.
However, trucks transporting soil from OUs 1, 2, and 4 will need to be radiologically screened and have
their wheels washed. ’

Extension of site utilities to this area will be a difficult and expensive task. Soil washing wastewater
would have to be piped to the proposed AWWT-Phase III facility located approximately 3,500 feet away.
However, process water can be supplied from the 100,000 gallon break tank in the OU-3 process area.
Potable water and fire water are nearby. '

Approximately 1,500 feet of new two-lane road will need to be built and approximately 1,000 feet of
existing road would have to be improved for the transport of soil to and from OUs 1 and 4. OU-2 soil
would be transported through the parking lot and on the North Access Road to this site.

A moderate amount of site preparation would be required for this alternative. There is a small drainage
ditch, about 2 feet deep, that would need to be rerouted. There are a number of small trees. Because
the area has a moderate drainage pitch, there will be a need for limited cut and fill operations to create

a level area for facility construction.

This alternative resulted in the highest truck fleet peak at 10 vehicles as shown in Figure 6-2. The
location of the facility requires slightly longer transport times for materials from the South Field, the
waste pits and the silos, and consequently more vehicles. However, the truck fleet leveled off at four
vehicles after the year 2007, similar to Alternative 1.

Road usage was heaviest north of the process area, at about 42 vehicles per day. The busiest
intersections in the process area occurred where 2nd Street intersects "C," "D," and "E" Street (28
vehicles/day).

This alternative involved the transportation of approximately 200,000 loads of material, including material
to the soil washing facility from the excavation areas, and to the CRU-1 treatment facility from the soil
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washing facility. Another 81,000 loads were taken from the soil washing facility to backfill locations.
Given the remediation schedule, the soil washing facility operated at 100 percent utilization. The input

stockpile remained at 18,225 tons until the final month of processing.

6.4 Conclusions and Recommendations

Table 6-1 is a comparison of the siting alternatives with regard to each evaluation criterion.

- Table 6-1 - Siting AlternativesAComparison

Alternative Alternative Alternative
1 2 3
Radiological Screening/ Needed only for Needed for all OU | Needed for OUs
Wheel Washing OU-2 soils soils ' 1, 2, and 4 soils
Utilities 600 feet away 100 feet away 3,500 feet away
New/Improved Roads 3,000 feet 2,700 feet 2,500 feet
Road Usage High use of Lowest use of High use of some
Process Area Process Area roads | Process Area
roads roads
Site Preparation Extensive Minimal Moderate
Fleet Size 9 9 10
Facility Utilization 100% 100% 100%

The three alternatives assumed that the dirty soil stockpile was limited to approximately 18,225 tons;
equivalent to the CSF capacity. To meet this requirement, crews are working "on call” in the sense that
they excavate material, but stop when the stockpile at the soil washing facility is at its maximum. Once
the stockpile is reduced, they begin working again. This mode of operation would require coordination
at the different excavation points when work is' progressing simultaneously. '

As an alternative mode of operation, contaminated soil could be stockpiled at the excavation points and
transported from these stdckpiles to the soil washing facility when the contaminated soil stockpile is below
the maximum. Excavated contaminated soil would have to be covered to prevent the spread of airborne
contaminants. For this option, crews begin excavating at the beginning of the year and work continuously
until the excavation in that area for that year is complete. When these cases were simulated, the peak
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quantity of material stockpiled at the excavation sources was 57,450 tons. Utilization of the soil washing
facility continued to be 100 percent and the truck fleet sizes did not change from the previous option.

To determine the recommended project siting alternative, each evaluation criterion was assigned a
weighted factor representing its importahce and each aiternative was ranked based on how well it achieved
the evaluation criteria with respect to the other alternatives (3 = best to | = worst). The alternative’s
ranking was multiplied by the criterion’s importance factor to determine the alternative’s score. The
alternative with the highest aggregate score was chosen as the recommended project siting alternative.
Table 6-2 presents the results of the quantitative evaluation. '

Table 6-2 - Quantitative Evaluation of Alternatives

Alternative Alternative Alternative
Criteria Importance 1 2 3
Rank Score Rank | Score | Rank | Score
Radiological Screening/ 0.15 3 45 1 .15 2 30
Wheel Washing
Utilities 0.25 2 .50 3 5 1 .25
New/Improved Roads 0.20 1 .20 2 40 3 .60
Road Usage 01 1 .10 3 .30 . 2. .20
Site Preparation 0.15 1 15 3 45 2 30
Fleet Size 0.0s 3 15 3 .15 2 .10
Facility Utilization 0.1 3 .30 3 .30 3 .30
Total Scores 1.85 2.50 2.05

Alternative 2 is the recommended project location. All trucks coming into and leaving the soil washing
facility will have to be radiologically screened and their wheels washed to prevent the spread of
contamination. In addition, approximately 2,700 lineal feet of new roads must be constructed. However,
the cost to extend utilities to the project site and prepare the site for construction are assumed to be the
lowest among the three alternatives. The vehicle fleet size required to maintain the remediation schedule
is equal to, or smaller than, the alternative project sites.
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SECTION 7

RECOMMENDATIONS/CONCLUSIONS

Each bench-scale test covered in this evaluation has proven that soil washing is an effective technology
in removing uranium from contaminated soil. The selection of the SCB soil washing system over the
others was based on simplicity of operation, minimal waste generation, absence of destructive effect on
the physicochemical structure of the soil after washing, and its overall effectiveness in reducing the final
soil uranium concentration to the target value of 52 mg/kg.

The data and information gathered in the bench-scale testing for the SCB soil washing system should be
used for the design of the pilot plant. However, the requirements for concentrations and quantities of
reagents (SCB, potassium permangenate, and caustic soda) must be fine-tuned in the pilot plant stage
_before the design of a full-scale system. Tests should be conducted to establish the quantities of reagents
that can be returned to the process in the recycle water. So far, no data has been generated on the
precipitation of uranium and other metals from leachate using sodium hydroxide. Tests should be carried
out to collect this data. In addition, the process equipment proposed for the soil washing process must
also be evaluated to ensure that its application is technically correct. Such process optimization will result
in a streamlined soil washing facility operating at minimum cost.

In summary, the proposed SCB soil washing system is abie to clean both the storage pad and incinerator
soils to the predetermined specification without generating a large quantity of a complex secondary waste
requiring further disposal. The SCB system is not destructive and does not remove sufficient amounts
of aluminosilicate minerals from the soil, thereby leaving the soil in a sound state to return to the site as
clean, usable soil.
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ATTACHMENT F
Y

SAFETY ASSESSMENT (TO BE INCLUDED IN 90 PERCENT CDR)
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ATTACHMENT G

MATERIAL HANDLING PLAN (TO BE INCLUDED IN 90 PERCENT CDR)
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